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Abstract 
 
Infectious diseases continue to be a major concern worldwide. They are the second 
leading cause of death after heart disease. Factors such as an increasing global population, travel, 
urbanization, global climate change and evolution of pathogens have made infectious diseases 
more common. Infectious diseases, particularly neglected tropical diseases (NTDs) result in 
many deaths worldwide. Malaria and leishmaniasis are two common (NTDs) which affect low 
income countries around the globe. Low cost drugs with novel mechanism of action are required 
to tackle the growing resistances of parasites against current drugs used in the developing world, 
where most of the cases occur. The first part of this manuscript (chapters 1 - 3) describes the 
synthesis of novel analogs active against Leishmania donovani parasite which causes 
leishmaniasis. Leishmaniasis is a vector-borne complex group of diseases transmitted through 
the bite of an infected female sand-fly. Its clinical manifestations range from the less severe 
(cutaneous) to fatal (visceral) forms depending upon infecting species, immunity of host and the 
environment. Reports have suggested the role of Heat shock protein 90 (Hsp 90) in the 
differentiation of the Leishmania parasite from the promastigote stage to the pathogenic 
amastigote stage inside the host. A series of tetrahydro-indazole, tetrahydro-pyrazolo pyridine 
and radicicol hybrid compounds were prepared based on known Hsp 90 inhibitors, SNX2112 and 
NVP-AUY922. The synthetic approach allowed us to generate a diverse library of analogs which 
were used to probe the hydrophobic pocket of Hsp 90 active site. The most active compound was 
 xi 
 
found to be twice more active as the clinically used drug, Miltefosine, in an infected macrophage 
assay with an IC50 = 0.88 µM. 
The second part of this manuscript (chapters 4 - 5) describes the synthesis of xanthurenic 
acid analogs as antimalarial drugs. Xanthurenic acid (XA) is a vital component for the 
gametogenesis of the Plasmodium inside the mosquito’s gut. Gametogenesis plays an important 
part in the continuation of the parasite’s life cycle. A series of xanthurenic acid analogs were 
synthesized with the aim of inducing premature exflagellation of the microgametes, thus 
blocking the key step required for the transmission of parasites from humans to the mosquito.  A 
biotinylated xanthurenic acid analog and a clickable xanthurenic acid analog were also 
synthesized which will help us investigate the mechanism of action of xanthurenic acid in 
inducing gametogenesis in mosquito. In the preliminary screening efforts in an exflagellation 
assay, analog 4.40 showed promising activity and was more active in inducing exflagellation 
than xanthurenic acid. An exflagellation assay of other analogs is currently being pursued.  
Further investigations into the molecular target and mechanism of action are underway with the 
biotinylated xanthurenic acid analog. 
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Chapter 1 
Introduction 
1.1 Infectious diseases  
Infectious diseases were the leading cause of death during the 19tth century and are reemerging 
almost every year.1,2 Several factors contribute to the rising incidence of infectious diseases such 
as an increasing global population, travel, urbanization, global climate change and evolution of 
pathogens.3,4 Among the deadliest epidemics in human history were Black Death (14th century), 
smallpox (16th century) and Spanish influenza (19th century).3 Antibiotic-resistant strains, such 
as multidrug-resistant Staphylococcus aureus (MRSA) represent a major health threat to 
patients.4,5 
The world population is projected to increase to 8 billion people within the next decade, with 
more than half of the population living in crowded urban areas. Rapid aging of the global 
population further escalates the problem as the immune system of an individual wanes with age.6 
Additionally, more air travel around the globe has contributed to the emergence and evolution of 
infectious diseases with an estimate of 3.5 billion dollar loss economically in 2016 alone.3 
Despite the enormous health and economic risks posed by infectious diseases, the global health 
community has largely not been able to keep up the pace with outbreaks so far, particularly in the 
case of neglected tropical diseases (NTDs).7 Around 20 NTDs threaten a global population of 1 
billion, mostly affecting people living in tropical and subtropical regions of the world in 
developing countries. Leishmaniasis, one of these NTDs, is caused by infection from protozoa of 
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the genus Leishmania. Extensive research is required on multiple fronts namely, nature and 
emergence of new pathogens, development of new antimicrobials and cheaper diagnostic tests to 
target infectious diseases.8 Lack of interest from pharmaceutical companies in antibiotic research 
is a major concern and the void left is visible in recent antibiotic development programs that are 
starting to fail.8b Public–private partnerships like the Bill and Melinda Gates Foundation have 
expanded their programs to include multiple pharmaceutical companies, academic institutions 
and public laboratories in an effort to identify and inhibit new targets with newly developed 
drugs. 9,8 
1.2 Leishmaniasis  
Leishmaniasis is a vector - borne complex group of diseases caused by infection of protozoa of 
the genus Leishmania.10 Leishmaniasis is one of the most serious of the NTDs. Around 350 
million people in 98 countries worldwide are currently living at risk of developing one of the 
many manifestations of the disease with an estimated 1.5 to 2 million new cases reported 
annually.11,12  It is widespread in tropical and subtropical regions of Africa, Asia, the 
Mediterranean region and South America.13 Poor socioeconomic conditions, malnutrition, 
population displacement and environmental change are some of the factors that increase the risk 
of leishmaniasis. The epidemiology of leishmaniasis depends on the infecting species of the 
Leishmania parasite, the local environmental factors and the host’s immune response. More than 
20 species of the protozoa of genus Leishmania are known to causes leishmaniasis in 
humans.14,15 Female sandflies are the vector that transfers the protozoa form host to host. About 
30 different species of genera Phlebotomus and Lutzomyia are known to transfer the parasite 
when taking a blood meal.16 Prevention and control of leishmaniasis requires a combination of 
strategies such as early diagnosis, vector control, disease surveillance and treatment. Vaccine or 
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prophylactic medication is not available, but in the near future a better understanding of the 
genome of Leishmania will hopefully help expand the vaccine discovery and strategies that may 
lead to prophylactic medication.17,13,18  
1.2.1 Life cycle of Leishmania 
  Leishmania propagate their life cycle through transmission between the vector host (female 
sand-fly) and the mammalian host. This parasite exists in two different developmental stages: the 
motile form bearing flagella called promastigotes and the deflagellated non-motile (Figure 1.1) 
form called amastigotes. Amastigotes, without flagella, transform into infective metacyclic 
promastigotes in the gut of the sand fly.11  
 
                             Figure 1.1: Leishmania, promastigote and amastigote forms.  
These infective metacyclic promastigotes travel up through the proboscis and get introduced into 
the blood stream of the mammalian host during feeding of the sand fly.19 Promastigotes exist for 
a very brief period within the mammalian host and avoid destruction by the immune system of 
the host. It inhibits the phagosome- lysosome fusion in the infected phagosomes, thus evading 
phagosome maturation arrest.20,21 The flagellated parasites are engulfed by host neutrophils at the 
site of the bite, thus providing them temporary protection. These infected neutrophils are then 
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later phagocytized by host macrophages. Promastigotes survive in the parasitophorous vacuoles 
and transform into amastigotes. Amastigotes, on the other hand, are fully adapted to the 
conditions encountered within the macrophage and are responsible for the various pathologies 
associated with the infection.22,23,24 Amastigotes continue replicating until the cell is 
overcrowded, leading to infected cell rupture.  Amastigotes released after this rupturing re-infect 
other phagocytes leading to cycles of infection. Sand flies are infected by ingesting infected cells 
(Figure 1.2), during a blood meal thus completing the transmission cycle. After infection, the 
amastigotes are released from the infected monocytes after cell disruption and differentiate into 
the infective promastigote stage in the lumen of the insect’s gut to infect new mammalian hosts. 
Blood transfusion from a previously infected donor to an uninfected human host can also result 
in the transmission of Leishmania.11,25 
 
Figure 1.2: Leishmania life cycle.22 
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1.2.2 Leishmaniasis manifestations and epidemiology 
    Leishmaniasis is a diverse representation of a complex set of diseases and manifests itself in 
different forms specified mainly by the infectious species and the geographical distribution.  
Traditionally, leishmaniasis has been classified into three different forms.12 
 Cutaneous leishmaniasis 
      Cutaneous leishmaniasis (Figure 1.3) is the most common form of the disease and exhibits 
various clinical presentations dependent on the Leishmania species and the mode of 
transmission. It is characterized by skin ulcers and lesions, which may be associated with a 
fungal infection. Cutaneous leishmaniasis starts with a skin ulcer at the site of the sand fly bite. It 
is often self-healing, but multiple lesions and disfiguring scars create a lifelong aesthetic stigma. 
Cutaneous leishmaniasis is very difficult to treat, destructive and disfiguring.26 Approximately 
0.7 to 1.2 million new cases of cutaneous leishmaniasis are reported each year in the Americas, 
Middle East, and Central Asia. Species responsible for this disease are L. aethiopica, L. tropica 
and L. major in the Middle East, Southwest Asia, and Africa; and L. mexicana and L. braziliensis 
in Central and South America.27,28 
 Mucocutaneous leishmaniasis 
      Mucocutaneous leishmaniasis is characterized by lesions in the mucosa of oral and nasal 
cavities and can prove lethal (Figure 1.3) due to resulting secondary infections. It occurs after 
the onset of cutaneous leishmaniasis in 1-10% of cutaneous leishmaniasis patients. The initial 
symptoms are not severe and result in nasal inflammation and fever, but if left untreated it can 
result in other complications like edema with destruction of oral and nasopharyngeal mucosa and 
blocking of airway passages.27 Mortalities may occur due to malnutrition resulting because of 
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lung infections and difficulty in swallowing. It is mostly associated with regions of South 
America with most cases in Brazil, Peru and Bolivia and is primarily caused by the L. 
braziliensis species.29,30 
 
Figure 1.3: Cutaneous leishmaniasis, Mucocutaneous leishmaniasis and Visceral leishmaniasis. 
Visceral Leishmaniasis 
      Visceral leishmaniasis (VL), is a chronic, life-threatening infection and symptoms include 
fever, anemia, pancytopenia, weight loss (Figure 1.3) and swelling of the liver and spleen. VL 
has a mortality rate of greater than 90% if left untreated.  It is caused by two species of 
Leishmania, L. donovani (anthroponotic form) in tropical/subtropical regions and L. infantum 
(zoonotic form) in the Mediterranean basin and Central and South America respectively.17 The 
most severe form of leishmaniasis is also known as Kala azar (black fever).31 This disease is 
most common in developing countries. The parasite distribution is also affected by factors such 
as humidity, temperature and rainfall. Diagnosis is complex because of its shared features with 
other diseases such as malaria and tuberculosis. VL is endemic to rural areas of developing 
countries and has been reported in approximately 98 countries in the world. Approximately 
300,000 new cases of VL occur annually leading to an estimated 4,000 deaths.32 An increase in 
the immunocompromised patient population has also contributed to the rise of VL infections in 
East Africa in recent years.30 
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1.3 Current treatments against leishmaniasis 
 In recent times, drug discovery efforts against leishmaniasis and other neglected tropical 
diseases have increased. Pharmaceutical industries and several academic institutions have joined 
hands to establish more robust drug discovery programs in the past few years.16 However, the 
drug discovery efforts to treat leishmaniasis face a number of challenges. These include lack of 
validated molecular targets which has hampered target-based approaches, lack of sufficient 
investment, very low hit-rate against the parasite and difficulty to address issues such as toxicity 
and pharmacokinetics during drug discovery.16 Leishmaniasis mostly affects people living in 
poor conditions and the current treatments are not ideal either because of their toxicity, high cost, 
adverse side effects, and mode of administration which leads to non-compliance of the patients. 
Current treatments against leishmaniasis (Figure 1.4) include pentavalent antimonials such as 
sodium stibogluconate and meglumine antimoniate. These have been the drugs of choice to 
combat leishmaniasis for the last 50 years and are still the first drugs of choice for leishmaniasis. 
Both formulations have poor oral absorption and need to be administered via intramuscular or 
intravenous injections.33 A high rate of resistance has been encountered in India where the 
efficacy of antimonials has declined, with 40% of the population not responding to the 
treatment.31 High toxicity and side effects such as ventricular tachycardia and ventricular 
fibrillation limits their use. Since the 1960’s amphotericin B, an antibiotic isolated from 
Streptomyces nodosus has been the second line of treatment against VL and is marketed under 
the trade name Ambisome. The drug increases membrane permeability by binding to ergosterol 
present in the Leishmania plasma membrane.33 Lipid formulations are effective and have less 
toxicity, but high cost limits its use. Major disadvantages of this treatment are prolonged 
administration and frequent adverse effects such as nephrotoxicity and hypokalemia.34 The first 
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use of pentamidine in VL treatment was reported in India in 1949 but over the years the use of 
pentamidine was abandoned primarily due to its high toxicity and the emergence of resistant 
strains. Most regimens require intramuscular injection or intravenous infusion. Pentamidine is 
the first line of treatment for CL caused by L. guyanensis. Side effects include hypoglycemia, 
hypotension, myocarditis and renal toxicity.35,34,16  
 
Figure 1.4: Drug treatments for leishmaniasis. 
Paromomycin is an aminoglycoside antibiotic, isolated from Streptomyces krestomuceticus. It 
inhibits protein synthesis by binding to 16S rRNA.  In Kenya, it was effective for the treatment 
of CL and VL in 1960 and 1990 respectively. Adverse effects include pain at the injection site. It 
is effective in CL treatment caused by L. major.36,33 Miltefosine, an anticancer drug, was also 
found to be effective against leishmaniasis.  It was approved in India as the first oral treatment of 
VL in 2002. The most common adverse events include gastrointestinal side effects. Miltefosine 
is the first effective oral treatment for cutaneous leishmaniasis with lower toxicity compared to 
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other drugs. Ketoconazole is an oral antifungal drug that inhibits the parasite’s ergosterol 
biosynthesis. Its efficacy varies depending on the species. Ketoconazole is now used for the 
treatment of CL infections caused by L. mexicana. Treatments using combinations of the existing 
drugs are also being used as an intermediate strategy to combat emerging drug resistance and to 
reduce treatment time.37,38 
Problems related to vaccine development against leishmaniasis lie in standardization and control 
of the dose, strain identity and the risk of infection in immunocompromised patients. Although 
several vaccines are currently in clinical trials, most are still in the early research and 
development phase. LEISH-F1, a polyprotein expressed in bacteria, is the first candidate to make 
it into phase II clinical trials from The Infectious Disease Research Institute (IDRI, Seattle, 
WA).18,13 Chances of developing an effective vaccine against leishmaniasis in the next few years 
are very slim and hence chemotherapy is the preferred treatment for all three major forms of 
leishmaniasis. Therefore, development and design of new analogs with different modes of action 
and with optimal pharmacokinetics can lead to novel anti-leishmanial treatments.13,16  
1.4 Heat Shock Protein 90 (Hsp 90) 
      Heat shock response is an important step that protects cells and organisms at higher 
temperatures. This step includes an increased synthesis of special proteins called heat shock 
proteins. Heat shock protein 90 (Hsp 90) is a chaperone protein which facilitates folding and 
prevents misfolding that might be induced by factors such as low pH and is often overexpressed 
in stressed cells, thus regulating intracellular survival.39 It is a well-known target for developing 
anticancer compounds, and a few Hsp 90 inhibitors are under clinical investigation against 
multiple types of cancers.  Hsp 90 or its related orthologues are ubiquitously found in mammals, 
bacteria and yeast. Multiple reports have established the biological significance of Hsp 90 in 
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identifying drugs that also possesses activity against protozoan parasites such as Trypanosoma 
brucei, Plasmodium falciparum and various Leishmania species.40 Natural products such as 
radicicol (RD) and geldanamycin (GA) (Figure 1.5), target Hsp 90 by binding to its ATP- 
binding site in the N-terminus domain.41 
 
                                   Figure 1.5: Radicicol (RD) and Geldanamycin (GA). 
However, both were not promising candidates for drug discovery because of their instability 
under in vivo conditions and their acute liver toxicity. Multiple GA oxime derivatives with 
reduced toxicity such as 17-allylamino-17-demethoxygeldanamycin (17-AAG) and 17-
dimethylamino-ethylamino-17-demethoxygeldanamycin (17-DMAG) (Figure 1.6) have been 
tested against Leishmania.  17-AAG displayed good therapeutic efficacy as the first Hsp 90 
inhibitor in clinical trials against different Leishmania species but suffered from low solubility 
and bioavailability. Another 17-AAG analogue, (IPI-504, tanespimycin) which contains a 
reduced hydroquinone moiety that has greater water solubility and therefore can be formulated, 
has been in more than 50 different clinical trials to date.42,41,43 
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                        Figure 1.6:  Geldanamycin (GA) analogs in clinical trial.43                 
1.4.1 Heat shock protein 90 (Hsp 90) in Leishmania 
    In Leishmania parasites, Hsp 90 accounts for 2.8% of the total protein even in unstressed 
Leishmania promastigotes.44 Hsp 90 can prevent misfolding and thus prevents aggregation. Hsp 
90s are also required for the activation of certain proteins like transcription factors and protein 
kinases. These proteins are vital for processes like homeostasis, differentiation, and apoptosis, 
which are necessary for cell survival.45 Hsp 90s contribute to many signaling networks and are 
involved in many cellular processes. These also act as connectors for many controlling 
mechanisms and link them to environmental impacts. The presence of the Hsp 90 gene in 
Leishmania was first reported by Van der Ploeg and coworkers.46 Hsp 83 (the protozoan 
ortholog) is found in the cytoplasm of Leishmania and is encoded by numerous genes found in 
clusters. Hsp 90 plays an important role in stage differentiation from promastigote to amastigote 
in L. donovani. The ability of Hsp 90 to respond to external stimuli such as sudden heat change 
during transmission to mammal has been exploited by the protozoan parasites.40,46   
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Figure 1.7: Model depicting depleted Hsp levels leading to morphological differentiation 
towards the amastigote stage.45 
Reports have suggested that a decrease in the levels of available Hsp 90, (Figure 1.7) either 
responding to heat shock or inactivation by drugs could lead to differentiation. Therefore, Hsp 90 
targeting compounds are important candidates for leishmaniasis chemotherapy. Treatment of 
Leishmania promastigotes with drugs such as geldanamycin (Figure 1.8) has been shown to 
induce a similar type of differentiation towards amastigotes like heat shock. However, synthesis 
of new Hsp 90 is also reported during the differentiation from promastigote-to-amastigote in 
axenic conditions in some reports. The role of these chaperones in detecting stress signal and its 
transduction is a subject of ongoing research and requires further efforts.47 
 
Figure 1.8:  Promastigote L. donovani cells at 25 °C, parasites at 37 °C for 24 hr, axenic 
amastigotes after 5 days differentiation at 37 °C and pH 5.5, and parasites treated at 25 °C, 100 
ng/ml GA for 24 hr.47 
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1.5 High throughput screening 
A high-throughput screening (HTS) of a library of biologically active compounds was 
conducted. These compounds were evaluated for their potent antileishmanial activity against the 
parasite using a Leshmania donovani axenic amastigote assay. This axenic amastigote assay 
utilizes an engineered cell line which allows the parasite to grow outside the macrophage cells 
aiding in a rapid screening process. The screening was conducted in collaboration with the 
laboratory of Prof. Dennis Kyle, Department of Public Health, USF.  In the assay, compound 
1.01, (Figure 1.9) was found to have a promising activity (IC50 = 420 nM) in our screen. The 
compound was identified as SNX-2112. This compound (SNX-2112, 1.01) and its related 
prodrug analog (SNX-5422) target Hsp 90 and are under multiple clinical trials as potential 
anticancer drugs.20,48  
 
                       Figure 1.9:  SNX-2112 and its prodrug analog SNX-5422. 
The initial hit from the HTS was optimized and several analogs were synthesized to target Hsp 
90 (Hsp 83) that conform to traditional physicochemical parameters. We envisioned that 
inhibitors of the protozoan ortholog of Hsp 90 (Hsp 83) would lead to disruptive amastigote 
growth. This would maximize the likelihood of identifying compounds with optimal 
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pharmacokinetic properties to make them orally bioavailable, affordable to the poor and able to 
survive harsh environmental conditions where most of the cases are reported.  
1.6 Biological Assay 
      Assays were carried out to evaluate the antileishmanial activity of the synthesized 
compounds using 96-well plates with controls. Assays included an axenic amastigote (AA) assay 
(Figure 1.10) for initial high throughput screening, an infected macrophage (IM) assay for high 
content screening and a J774 cytotoxicity assay. Analogs were tested in the (AA) initial screen 
and were also tested in a high content screening infected macrophage assay with J774 murine 
macrophages, which allowed us to counter-screen for the cytotoxicity of our analogs. Details of 
the biological assays are provided in the (Appendix 1). 
 
                         Figure 1.10:  96 well plate showing Leishmania with lead compounds.  
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Chapter 2 
 Tetrahydro-indazole and tetrahydro-pyrazolo analogs 
2.1 Drug design strategies 
Our initial hit 1.01, (Figure 2.1) identified via a high throughput screening campaign, was 
known to be a human Hsp 90 inhibitor and was active against Leishmania donovani amastigotes. 
The compound possesses an indazole heterocyclic moiety and an anthranilamide component. 
Indazoles are a significant class of heterocyclic compounds accompanied with a wide range of 
biological and pharmaceutical applications. Several molecules (Figure 2.2) possessing the 
indazole moiety have been reported to exhibit various biological activities such as anti-
inflammatory, anti-cancer, anti-platelet and HIV protease inhibitor activity.1  
 
Figure 2.1: Initial hit (SNX-2112), 1.01. 
Enormous potential lies in the synthesis of novel heterocyclic motifs that can be used as building 
blocks for pharmacologically active anti-parasitic derivatives as they share similarity in structure 
with several drug molecules.2 
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Figure 2.2:  Indazole ring containing active molecules.2 
2.2.1 Docking and activity studies 
         Several indazol-4-one derived 2-aminobenzamide analogs were synthesized to develop 
potent Hsp 90 inhibitors by Huang and coworkers. Analog 1.01b, which showed promising 
activity in the Hsp 90 assay, was used as a model compound for the docking and x-ray 
crystallographic studies with human Hsp 90. Careful investigation revealed analog 1.01b to be 
structurally related (Figure 2.3) to our initial hit SNX 2112.3 
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Figure 2.3:  SNX-2112 and its structurally related analog 1.01b. 
Docking studies of 1.01b with human Hsp 90 predicted the presence of three critical hydrogen 
bonds (Figure 2.4) required for binding, with two hydrogen bonds to Asp 93 and Thr 184 at the 
active site formed by the anthranilamide part of 1.01b. An alternate orientation of the docking 
studies showed the gem-dimethyl buried into a hydrophobic region at the active site of Hsp 90 by 
Leu 107, Phe 138, and Trp 162. Docking into the protozoan ortholog of Hsp 90 also showed 
similar binding properties.3  
 
Figure 2.4: (A) Docking studies of 1.01b with Hsp 90. (B) Critical hydrogen bonds at the 
binding site.3 
The anthranilamide part of the molecule has been extensively studied to optimize the 
pharmacokinetic properties of the active hit.3 However, little attention was given to the dimethyl 
substituents and indazole portions, which are also required for activity. Commercially available 
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dimedone 2.04 was used in synthesis of the initial lead hits against Hsp 90 in the earlier reports. 
This further established the need to investigate the region with different functional groups. 
Inspired by the results of Huang and coworkers, SAR analysis at the geminal dimethyl part of 
initial hit 1.01 was our first priority. The initial synthetic strategy included the preparation of a 
related analog 2.09, depicted in Scheme 2.1, as our first analog. A few changes were made 
during the Buchwald-Hartwig coupling to make the initial synthesis less challenging and 
feasible. It also provided a new data set to compare the activity against the initial hit in the 
Leishmania assay. Also, to improve the pharmacokinetics and reduce the cytotoxicity of the 
analog 2.09, the trifluoromethyl in the initial hit 1.01 was envisioned to be replaced with its 
methyl isostere.  
To further investigate the active site of Hsp 90 to help improve on the activity and 
selectivity of our analogs, a quinazoline analog 2.10, with fewer rotatable bonds (Figure 2.5) 
was synthesized to facilitate docking studies. 
 
Figure 2.5:  Quinazoline analog 2.10 (used for docking studies) and initial analog 2.09. 
The choice of the quinazoline as the lead for docking studies was based on its promising activity 
in the assay while still maintaining the critical hydrogen bonds from the amide moiety of the 
initial synthesized analog 2.09. Docking studies of the analog 2.10 with the active site of Hsp 90, 
utilizing publicly available coordinates (3D0B)4 in Auto Dock 1.5.6 were undertaken, and the 
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results are shown below.5 Data from the docking studies showed the orientation of the dimethyl 
groups towards a hydrophobic pocket (Figure 2.6).  
 
Figure 2.6: Minimized poses of 2.10 in Hsp 90 active site showing the geminal methyl groups 
oriented toward hydrophobic pockets. The ball and stick (left) and surface (center) models show 
how the compound 2.10 accesses the active site. Figure on the right shows a channel exposing 
the geminal methyl groups which should accommodate further modifications at this site. 
2.2 Synthesis of initial tetrahydro-indazole analog  
      The synthesis of the key indazole ring in the initial analog required a triketone 2.06, Scheme 
2.1 and a substituted aryl hydrazine 2.03 for the condensation step. The triketone 2.06 was 
prepared by treating dimedone 2.04 with acetic anhydride 2.05 in the presence of DIPEA. 
Substitution of the fluorine of 2-bromo-4-fluorobenzonitrile 2.01 with hydrazine 2.02 afforded 
the substituted aryl hydrazine 2.03. The condensation of the triketone 2.06 with the substituted 
aryl hydrazine 2.03 in the presence of acetic acid in ethanol resulted in 2.07. Buchwald-Hartwig 
coupling of 2.07 using Pd(OAc)2, DPPF, NaOtBu and 3-methoxypropan-1-amine afforded the 
resulting benzonitrile 2.08. Hydration of the nitrile using NaOH, H2O2 and DMSO resulted in the 
formation of initial analog 2.09 with good yields.6,3 
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Scheme 2.1 Synthesis of initial tetrahydro-indazole analog 2.09 
 
To further prove the importance of the dimethyl groups, synthesis of desmethylated analog 2.13 
was undertaken as in Scheme 2.2 using cyclohexane-1,3-dione 2.11 instead of dimedone 2.04 as 
the starting diketone. The desmethylated analog 2.13 was prepared treating cyclohexane-1,3-
dione with acetic anhydride in presence of DIPEA to afford 2.12. Condensation of substituted 
aryl hydrazine 2.03 with 2.12 afforded the tetrahydro-indazole analog. Buchwald-Hartwig 
coupling using Pd(OAc)2, DPPF, NaOtBu and 3-methoxypropan-1-amine and subsequent 
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hydration of the nitrile to amide using NaOH, H2O2 and DMSO resulted in the formation of 
initial analog 2.13. 
Scheme 2.2 Synthesis of initial tetrahydro-indazole analog
 
Dimethyl analog 2.09 and desmethylated analog 2.13 showed marked differences in their activity 
in the axenic amastigote assay with IC50’s of 0.65 µM and 25 µM respectively. Based on the 
findings from the docking studies and our initial assay, we planned to further investigate the 
dimethyl position by performing an SAR analysis while maintaining the top anthranilamide part 
of the initial analog 2.09. Attention was paid to design analogs so that they follow traditional 
physicochemical parameters such as Lipinski’s rules, total polar surface area and the number of 
rotatable bonds and to maximize the chances of identifying compounds with optimal 
pharmacokinetic properties.6b  
2.3 Synthesis of initial tetrahydro-pyrazolo pyridine analog 
A pyrazolo [3,4-c] pyridine core was thought to be a suitable replacement for the initial scaffold 
as the presence of nitrogen offers a handle for the installation of different functionalities, which 
could be introduced later in the synthesis to set the diversity at the end of the synthesis and could 
be useful in probing the hydrophobic pocket. Synthesis of the pyrazolo [3,4-c] pyridine core 
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started with the alkylation (Scheme 2.3) of the ethyl ester of N-benzyl glycinate 2.14 with 
chloroacetone, affording 2.15 in good yields.  
                      Scheme 2.3 Synthesis of tetrahydro- pyrazolo pyridine analog 2.20 
 
Potassium tert-butoxide promoted intramolecular Claisen condensation resulted in the 
cyclization to form cyclic β-diketone7 2.16. Acylation of this diketone proved more difficult than 
the initial analogs (2.04 and 2.11) leading to a mixture of C- and O-acylated product. Different 
acylation procedures were tried including the use of samarium (III) chloride (SmCl3) to promote 
C–acylation,8 but with little success. However, C–acylation was achieved by the addition of 
sodium cyanide to the reaction conditions resulting in the formation to the corresponding 
triketone 2.17 by cyanide equilibration.9 Condensation of the triketone with our arylhydrazine in 
the presence of acetic acid in ethanol afforded 2.18 in good yields. Buchwald−Hartwig amination 
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using 3-methoxypropan-1-amine, Pd(OAc)2, DPPF and NaOtBu resulted in substitution of the 
bromine with the amine side chain to afford 2.19. Nitrile hydration using the DMSO, H2O2, 
NaOH resulted in formation of an N-oxide byproduct. Potassium carbonate (K2CO3) in a 
H2O/MeOH mixture, using microwave irradiation was employed for partial hydration of the 
nitrile to afford the benzyl protected tetrahydro-pyrazolo pyridine analog 2.20.10 The benzyl 
group was reductively removed using hydrogen (H2) and 10% palladium on carbon (10% Pd/C) 
under acidic conditions to yield the secondary amine analog 2.21, which would serve as an 
intermediate for our SAR analysis of the substituted analogs at that position. 
2.3.1 Synthesis of substituted tetrahydro-pyrazolo pyridinyl analogs 
   For the optimization of the tetrahydro pyrazolo analog, an initial analog 2.22a was synthesized 
by acylating the secondary free amine of the pyrazolo [3,4-c] pyridine core with acetyl chloride. 
Analog 2.22a showed promising activity with an IC50 of 1.06 µM in the lower throughput 
(infected macrophage) assay compared to an IC50 of 0.61 µM for the initial analog 2.09. This led 
us to believe that there is a need to explore more at this region of the molecule. An extensive 
structure-activity relationship study with a structure-property study was undertaken. Initial 
optimization efforts focused on a systematic approach following the Topliss operational scheme 
for aliphatic substituents to probe (Scheme 2.4) the pyridine core for steric and electronic effects. 
Different side chains were installed using different acyl chlorides. 
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Scheme 2.4 Synthesis of substituted tetrahydro- pyrazolo pyridinyl analogs 
 
Firstly, treatment with propionyl chloride (Scheme 2.4) in the presence of pyridine resulted in 
the formation of analog 2.22b. An isopropyl side chain was installed using isobutyryl chloride in 
the presence of pyridine to get 2.22c in good yields. Analog 2.22d was synthesized using 2- 
methoxyacetyl chloride and analogs with hydrophobic chains were installed using 4-
methylbenzoyl chloride and cyclopentane carbonyl chloride to afford analog 2.22e and 2.22f 
respectively. A sulfonamide analog 2.23 was also synthesized by treating 2.21 with 
methanesulfonyl chloride in the presence of pyridine. A urea analog 2.26a was also synthesized 
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by first treating 4-nitrophenyl chloroformate 2.24 with benzylamine to form 4-nitrophenyl benzyl 
carbamate 2.25, which was treated with analog 2.21 in presence of pyridine to afford the benzyl 
urea analog 2.26a.  The reductive removal of the benzyl group using hydrogen and 10% 
palladium on carbon resulted in the formation of analog 2.26b in good yield. 
2.4 Results and Discussion 
All of our synthetic analogs were evaluated in both the initial high throughput axenic amastigote 
assay and in the high content screening (HCS) infected macrophage assay using transformed 
J774 murine macrophages to evaluate cytotoxicity and ensure that the activity was not a general 
cytotoxic phenomenon. For the analogs to be potentially orally bioavailable, Lipinski “rule of 5” 
parameters for each of the analogs were evaluated, too. Parameters such as the number of 
rotatable bonds and the total polar surface area were evaluated using the DruLiTo11 drug likeness 
tool open source calculator. The infected macrophage data suggested that the tertiary and 
secondary amine analogs (2.20 and 2.21) were not particularly active, Table 2.1.  However, the 
more substituted benzyl amine analog 2.20 was more active than the secondary amine 2.21 
analog, which suggested a preference for greater substitution on the free amine analog 2.20. 
Physiological protonation of the amine under the assay conditions was thought to be a possible 
reason for the reduced activity. Amide analogs showed reasonable (HCS) infected macrophage 
activity. Acetamide analog 2.22a was nearly equipotent to the initial analog we synthesized. 
However, most of the analogs synthesized based on the Topliss tree approach didn’t show a 
drastic difference in activity. Sulfonamide analog 2.23 showed considerably less activity and 
both the benzyl urea analog 2.26a and the debenzylated urea 2.26b were not active in the assay. 
Some of our analogs such as 2.22a and 2.23 were substantially more active in the infected 
macrophage assay than the axenic amastigote assay which suggested that more than one target 
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could be involved.  A similar type of response has previously been reported for opioid receptor 
antagonists.12 Analog 2.22a was also tested in a kinetic solubility assay to confirm that the 
modifications made had not altered the physicochemical properties of the original lead, and it 
was found to have excellent solubility. Human Hsp 90 inhibition studies were also carried out in 
collaboration with Professor Gabriela Chiosis and Hardik Patel at the Memorial Sloan Kettering 
Cancer Center, who evaluated the analogs in their Hsp 90 alpha assay.13  To our surprise, our 
new analogs showed no significant inhibitory activity against human Hsp 90. In fact, the 
desmethylated analog 2.13, (Figure 2.7), which was not particularly active in the antileishmanial 
assays, was found to be one of the most potent against Hsp 90 compared to other analogs that 
were active in the antileishmanial assays.  
 
                        Figure 2.7:   Inhibition of Hsp 90 alpha with different analogs.  
This difference in activity in these two assays led us to believe that the analogs synthesized were 
either selective for the protozoan orthologue for Hsp 90 (Hsp 83) over human Hsp 90 or that 
some other mechanism is being utilized for the promising antileishmanial activity observed. 
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                                          Figure 2.8: Test compounds for Leishmania assay. 
Table 2.1: Biological data of tetrahydro-indazole and tetrahydro-pyrazolo pyridinyl analogs. 
Compound   R  X IC50(axenic 
amastigote) 
IC50(infected 
macrophage) 
Cyt. 
Toxicity  
Miltefosine   3.26 µM 1.43 µM >35 µM 
1.01   0.42 µM 0.61 µM <0.1 µM 
2.09 C (CH
3
)
2
 0.65 µM 0.88 µM 3.5 µM 
2.13 C H
2
 > 25 µM 10 µM >50 µM 
2.20 N CH
2
C
6
H
5
 2.3 µM 6.3 µM > 50 µM 
2.21 N H 3.9 µM 10 µM > 50 µM 
2.22a N COCH
3
 14 µM 1.1 µM NA 
2.22b N COC
2
H
5
 6.4 µM 3.5 µM > 50 µM 
2.22c N COC(CH
3
)
2
 1.9 µM 3.5 µM 37.31 µM 
2.22d N COCH
2
OCH
3
 4.4 µM 3.6 µM >50 µM 
2.22e N COC
5
H
9
 3.0 µM 1.8 µM 26 µM 
2.22f N COC
6
H
4
CH
3
 3.0 µM 1.6 µM > 50 µM 
2.23 N SO
2
CH
3
 > 20 µM 5.4 µM 25.5 µM 
2.26a N CONHC
6
H
5
 > 20 µM > 10 µM >50 µM 
2.26b N CONH
2
 > 20 µM > 10 µM >50 µM 
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2.5   Experimental 
General Procedures. Unless otherwise noted, all the materials were purchased from commercial 
sources and used as received. The reactions requiring the use of air- and/or- moisture sensitive 
compounds were carried out under an argon atmosphere in a flame- or oven- dried flask with the 
reagents being added via syringe or canula. Distillation from sodium benzophenone ketyl was 
used to get dry THF. An Anton Paar Monowave 300 instrument was used for microwave 
reactions. Sorbtech silica gel (60 Å porosity, 40-63 µm particle size) in fritted MPLC cartridges 
was used for preparative chromatography and elution carried out with Thomson Instrument 
SINGLE StEP pumps. 200 µm precoated Sorbtech fluorescent TLC plates were used for Thin 
layer chromatography analyses. Utilizing UV light and by staining with a variety of stains such 
as acidic anisaldehyde, acidic vanillin, ceric ammonium nitrate or iodine vapor, the plates were 
visualized. An Agilent 1100 HPLC/MSD system equipped with a diode array detector running a 
methanol/water gradient was used for LC/MS analysis. An Agilent 6540 QTOF mass 
spectrometer was used to obtain high resolution mass spectral data. The nuclear magnetic 
resonance (NMR) spectrometry was carried out on a Varian Inova 500 MHz or a Varian Inova 
400 MHz spectrometer. The chemical shifts are reported in ppm correlated to the solvent which 
is used as an internal standard. HPLC analysis determined the compounds to be > 95% pure 
which was further confirmed by NMR analysis. 
General experimental procedures: 
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2-Acetyl-5,5-dimethylcyclohexane-1,3-dione: To a solution of 5,5-dimethylcyclohexane-1,3-
dione (9.9890 g, 71.3 mmol), DMAP (0.435 g, 3.5 mmol) DIPEA (13 mL, 74 mmol) in 
dichloromethane (200 mL) was added acetic anhydride (7.0 mL, 74 mmol) and the reaction 
mixture was stirred overnight at room temperature (rt). The reaction mixture was then 
concentrated on a rotary evaporator to afford yellow oil which was extracted using hexanes and 1 
N HCl. The organic phase was dried over MgSO4, filtered and concentrated on a rotary 
evaporator to give the product as a brown oil which was purified by flash column 
chromatography (hexanes/ethyl acetate 9:1 to 2:1) to afford 2.06 as a light-yellow oil (11.6 g, 
89%). 1H NMR (500 MHz, CDCl3)  18.01 (s, 1H), 2.49 (s, 3H), 2.45 (s, 2H), 2.26 (s, 2H), 0.98 
(s, 6H) ppm. 13C NMR (126 MHz, CDCl3)  202.3, 197.8, 195.0, 112.3, 52.4, 46.8, 30.5, 28.4, 
28.1 ppm. LRMS (ESI) m/z calc’d for C10H14O3 [M + H]+: 183.10, found 183.10. 
 
2-Acetylcyclohexane-1,3-dione: This compound was synthesized in the same manner as 
compound 2.06 (67%). 1H NMR (500 MHz, CDCl3)  18.04 (s, 1H), 2.59 (t, J = 6.5 Hz, 2H), 
2.51 (s, 3H), 2.38 - 2.44 (m, 2H), 1.91 (td, J = 13.1, 6.53 Hz, 2H) ppm. 13C NMR (126 MHz, 
CDCl3)  203.0, 198.6, 195.3, 113.4, 38.5, 33.2, 28.7, 18.9. LRMS (ESI) m/z calc’d for C8H10O3 
[M + H]+: 155.06, found 155.0 ppm. 
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2-Bromo-4-hydrazinylbenzonitrile: To a solution of 2-bromo-4-fluorobenzonitrile (2.50 g, 12.5 
mmol) in dry tetrahydrofuran (15 mL) was added anhydrous hydrazine (5.00 mL, 159 mmol) and 
the reaction mixture was stirred overnight at rt. White solid precipitate formed during the 
reaction and were dissolved in additional tetrahydrofuran (50 mL). Mixture was then washed 
with saturated sodium bicarbonate solution. The organic phase was concentrated under reduced 
pressure and  was washed with H2O, followed by diethyl ether (30 mL) and dried under reduced 
pressure to afford the title compound (2.5 g, 94%). 1H NMR (500 MHz, DMSO-d6)  8.04 (s, 
1H), 7.47 (d, J = 8.8 Hz, 1H), 7.06 (d, J = 1.5 Hz, 1H), 6.69 - 6.77 (m, 1H), 4.38 (s, 2H) ppm. 
13C NMR (126 MHz, DMSO-d6)  156.7, 135.4, 125.9, 119.6, 113.6, 110.4, 98.5 ppm. LRMS 
(ESI) m/z calc’d for C7H6BrN3 [M + H]+: 211.97/213.97, found 212.08/214.08. 
 
2-Bromo-4-(3,6,6-trimethyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-1-yl)benzonitrile: To a 
solution of 2-bromo-4-hydrazinylbenzonitrile, 2.03, (2.1560 g, 10.17 mmol) and 2-acetyl-5,5-
dimethylcyclohexane-1,3-dione, 2.06, (1.86 g, 10.20 mmol) in ethanol (40 mL) was added acetic 
acid (1 mL), and the reaction mixture was stirred at room temperature for 72 h. The mixture was 
concentrated on a rotary evaporator and purified by flash column chromatography ( hexanes/ 
ethyl acetate) (9:1 to 2:1 to 1:1) to obtain the target compound as an orange solid (2.15 g, 59%). 
1H NMR (500 MHz, DMSO-d6)  8.08 - 8.13 (m, 2H), 7.80 (dd, J = 8.6, 2.20 Hz, 1H), 3.00 (s, 
2H), 2.39 (s, 3H), 2.33 (s, 2H), 1.01 (s, 6H) ppm. 13C NMR (126 MHz, DMSO-d6)  193.3, 
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151.0, 150.0, 142.9, 136.4, 127.1, 125.9, 122.6, 117.7, 117.3, 113.3, 52.1, 36.6, 35.9, 28.2, 13.6 
ppm. LRMS (ESI) m/z calc’d for C17H16N3OBr [M + H]+: 358.0/360.0, found 357.8/359.8. 
 
2-Bromo-4-(3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-1-yl)benzonitrile: Following the 
identical procedure to the one above to synthesize 2.07, 2.07a was obtained 52%. 1H NMR (500 
MHz, DMSO-d6)  8.08 - 8.12 (m, 2H), 7.78 - 7.83 (m, 1H), 3.07 (t, J = 6.1 Hz, 2H), 2.37 - 2.44 
(m, 5H), 2.05 (quin, J = 6.4 Hz, 2H) ppm. 13C NMR (126 MHz, DMSO-d6)  194.0, 152.2, 
150.3, 143.0, 136.3, 127.0, 125.8, 122.6, 118.6, 117.3, 113.3, 38.2, 23.5, 23.4, 13.6 ppm. LRMS 
(ESI) m/z calc’d for C15H12BrN3O [M + H]+: 330.0/332.0, found 330.2/332.2. 
 
2-((3-methoxypropyl)amino)-4-(3,6,6-trimethyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-1-
yl)benzonitrile: A mixture of 2-bromo-4-(3,6,6-trimethyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-
1-yl)benzonitrile, 2.07a, (400 mg, 1.117 mmol), 1,1’ Bis(diphenylphosphino) ferrocene (61.5 
mg, 0.741 mmol), sodium 2-methylpropan-2-olate (215 mg, 2.233 mmol), Pd(OAc)2 (15.04 mg, 
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0.067mmol) and 3-methoxypropan-1-amine (199 mg, 2.233 mmol) in dry toluene was added to 
30 mL microwave vial and the content was heated to  120 oC for 18 minutes in a microwave 
reactor. Upon cooling, DCM was added, transferred to a round bottomed flask, concentrated on a 
rotary evaporator and purified by flash column chromatography (eluting with 50% ethyl acetate 
in hexanes). The product was isolated as an off-white solid (524 mg, 64%). 1H NMR (500 MHz, 
DMSO-d6)  7.62 (d, J = 8.3 Hz, 1H), 6.87 (s, 1H), 6.82 (d, J = 8.3 Hz, 1H), 6.45 - 6.53 (m, 1H), 
3.41 (t, J = 5.6 Hz, 2H), 3.19 - 3.29 (m, 5H), 2.93 (s, 2H), 2.25 - 2.43 (m, 5H), 1.75 - 1.86 (m, 
2H), 1.00 (s, 6H) ppm.  13C NMR (126 MHz, DMSO-d6) δ 193.7, 151.7, 150.4, 149.2, 143.5, 
135.1, 117.9, 117.1, 110.7, 105.4, 93.7, 70.4, 58.4, 52.1, 40.7, 36.9, 35.8, 28.6, 28.1, 13.5 ppm. 
LRMS (ESI) m/z calc’d for C21H26N4O2 [M + H]+: 367.2, found 367.2. 
                                 
2-((3-methoxypropyl)amino)-4-(3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-1-
yl)benzonitrile: Following the identical procedure to the one above to synthesize 2.08, 2.08a 
was obtained 74%. 1H NMR (500 MHz, CD3OD)  7.54 (d, J = 8.3 Hz, 1H), 6.92 (d, J = 2.0 Hz, 
1H), 6.82 (dd, J = 8.3, 2.0 Hz, 1H), 3.54 (t, J = 5.6 Hz, 2H), 3.36 - 3.39 (m, 2H), 3.35 (s, 3H), 
3.04 (t, J = 6.4 Hz, 2H), 2.49 - 2.53 (m, 2H), 2.46 (s, 3H), 2.11 - 2.17 (m, 2H), 1.88 - 1.95 (m, 
2H) ppm. 13C NMR (126 MHz, CD3OD)  195.4, 151.6, 150.1, 143.2, 133.9, 117.6, 116.7, 
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110.4, 105.1, 94.3, 70.7, 57.6, 40.9, 37.6, 28.3, 23.4, 23.2, 12.0 ppm. LRMS (ESI) m/z calc’d for 
C19H22N4O2 [M+H]
+: 339.2, found 339.4. 
 
2-((3-methoxypropyl)amino)-4-(3,6,6-trimethyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-1-
yl)benzamide: A mixture of 2-((3-methoxypropyl)amino)-4-(3,6,6-trimethyl-4-oxo-4,5,6,7-
tetrahydro-1H-indazol-1-yl)benzonitrile (88 mg, 0.24 mmol), 50% w/w NaOH (9.0 µL, 0.2 
mmol), and 30% H2O2 (143 µl, 4.6 mmol) in EtOH (800 µl) and DMSO (200 µl) was added to a 
2 mL microwave vial. The reaction mixture was heated to 100 °C for 40 min in a microwave 
reactor. The reaction mixture after cooling was extracted with ethyl acetate and H2O. After the 
extraction organic phase was dried over sodium sulfate, filtered and concentrated on the rotary 
evaporator. The mixture was purified by preparative HPLC using an acetonitrile (ACN)/H2O 
gradient and lyophilized to give the product as a white fluffy solid (68.0 mg, 72%). 1H NMR 
(500 MHz, CDCl3) 8.03 - 8.16 (m, 1H), 7.47 (d, J = 8.3 Hz, 1H), 6.80 (d, J = 1.5 Hz, 1H), 6.62 
(dd, J = 8.3, 1.5 Hz, 1H), 5.78 - 5.93 (m, 1H), 3.50 (t, J = 6.0 Hz, 2H), 3.27 - 3.36 (m, 5H), 2.81 
(s, 2H), 2.53 (s, 3H), 2.38 (s, 2H), 1.93 (quin, J = 6.4 Hz, 2H), 1.77 - 1.87 (m, 1H), 1.09 (s, 6H) 
ppm. 13C NMR (101 MHz, CDCl3)  193.5, 171.3, 150.6, 150.0, 149.1, 142.7, 129.6, 117.2, 
112.6, 109.5, 106.8, 70.2, 58.7, 52.4, 40.7, 37.6, 35.8, 29.1, 28.4, 13.4 ppm. HRMS m/z: [M+H]+ 
calc’d for C21H28N4O3 385.2240; Found 385.2248. 
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2-((3-methoxypropyl)amino)-4-(3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-1-
yl)benzamide: Following the identical procedure to the one above to synthesize 2.09, a white 
fluffy solid 2.13 was obtained 81%. 1H NMR (500 MHz, CD3OD)  7.70 (d, J = 8.3 Hz, 1H), 
6.84 (d, J = 2.0 Hz, 1H), 6.70 (dd, J = 8.3, 2.0 Hz, 1H), 3.52 (t, J = 6.0 Hz, 2H), 3.27 - 3.34 (m, 
8H), 3.03 (t, J = 6.4 Hz, 2H), 2.45 - 2.53 (m, 5H), 2.11 - 2.17 (m, 2H), 1.89 - 1.94 (m, 2H) ppm. 
13C NMR (126 MHz, CD3OD) δ 195.5, 172.5, 151.4, 150.7, 149.7, 142.0, 130.0, 117.2, 113.3, 
108.8, 105.7, 69.9, 57.5, 39.5, 37.7, 28.7, 23.4, 23.1, 12.0 ppm. HRMS m/z: [M+H]+ calc’d for 
C19H24N4O3 357.1927; Found 357.1926. 
 
ethyl N-benzyl-N-(2-oxopropyl)glycinate: A mixture of ethyl N-benzylglycinate (9.70 mL, 51.7 
mmol) and NaHCO3 (4.79 g, 57.0 mmol) in THF (90 mL), water (10 mL) and was warmed to 60 
°C in a round bottomed flask, and a solution of chloroacetone (4.26 mL, 51.7 mmol) in THF (20 
mL) was added slowly. The warm reaction was then allowed to stir for an additional 18 h before 
it was cooled to room temperature, diluted with water (20 mL) and extracted with ethyl acetate. 
The combined organic extracts were washed with brine, dried over sodium sulfate and 
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concentrated on a rotary evaporator to give a yellow oil. Purification by flash column 
chromatography (hexanes/ethyl acetate 1:1) gave the intermediate tertiary amine as a pale-yellow 
oil (10.6 g, 82%). 1H NMR (500 MHz, CDCl3)  7.21 - 7.39 (m, 5 H), 4.14 (q, J = 7.03 Hz, 2 H), 
3.82 (s, 2 H), 3.51 (s, 2 H), 3.44 (s, 2 H), 2.10 (s, 3 H), 1.34 (t, J = 7.03 Hz, 3H). 13C NMR (126 
MHz, CDCl3) 207.8, 171.0, 138.1, 129.0, 128.4, 127.4, 63.1, 60.3, 58.4, 54.3, 27.5, 14.2. 
LRMS (ESI) m/z: [M + H]+ 250.1. 
 
1-benzylpiperidine-3,5-dione: A stirred solution of potassium tert-butoxide (6.62 g, 59.0 mmol) 
in t-butanol (60 mL) and ether (150 mL) was cooled to 0 °C under argon, and a solution of ethyl 
N-benzyl-N-(2-oxopropyl) glycinate (10.5g, 42.1 mmol) in ether (50 mL) was added dropwise. 
The reaction was maintained at 0 °C for an additional 2 h, then allowed to warm to room 
temperature for 2 days. The resulting mixture was concentrated on a rotary evaporator, and the 
residue was triturated with ether (150 mL) and filtered. The precipitate was treated with a 
mixture of 10% aqueous acetic acid and stirred, and the precipitate that remained was collected 
by filtration and dried to give 2.17 (6.8 g, 79%) as an off-white solid which was used without 
further purification. LRMS (ESI) m/z calcd for C12H13NO2 [M + H]
 +: 204.1, found 204.1. 
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1-benzyl-4-(1-hydroxyethylidene)piperidine-3,5-dione A solution of 2.16 (400 mg, 1.97 
mmol) and triethylamine (410 µL, 2.94 mmol) in dichloromethane (50 mL) was stirred at room 
temperature under argon, and acetic anhydride (223 µL, 2.36 mmol) was added dropwise. The 
solution was stirred for an additional 20 minutes, then sodium cyanide (100 mg, 2.04 mmol) and 
potassium carbonate (1.00 g, 7.24 mmol) were added. The resulting mixture was warmed to 40 
°C and stirred at that temperature for 36 h. The reaction was cooled to room temperature, filtered 
and diluted with water (50 mL). The resulting solution was extracted with dichloromethane, and 
the combined organic layers were dried over sodium sulfate and concentrated on a rotary 
evaporator to give a yellow oil. Purification by flash column chromatography (hexanes/ethyl 
acetate 2:1) gave a pale-yellow oil (220 mg, 46%).1H NMR (500 MHz, CDCl3) 17.82 (br s, 
1H), 7.29 - 7.38 (m, 5H), 3.69 (s, 2H), 3.36 (br s, 4H), 2.62 (s, 3H). 13C NMR (126 MHz, CDCl3) 
202.0 (x2), 129.2, 128.7 (x2), 128.0, 111.6, 61.2 (x2), 27.7. LRMS (ESI) m/z calcd for 
C14H15NO3 [M + H]
+: 246.1, found 246.1. 
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4-(6-benzyl-3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridin-1-yl)-2-
bromobenzonitrile: A mixture of 2.17 (800 mg, 3.26 mmol) in methanol (25 mL) containing a 
few drops of acetic acid was warmed to 40 °C until everything became homogeneous, then 2-
bromo-4-hydrazinyl benzonitrile (761 mg, 3.59 mmol) was slowly added. Upon completion of 
the addition, the mixture was heated to 60 °C for 36 h. The solution was concentrated on a rotary 
evaporator to give a brown solid that was purified by flash column chromatography 
(hexanes/ethyl acetate 3:1) gave a yellow solid. Further recrystallization from methanol provided 
2.17 as a yellow solid (750 mg, 55%). 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 1.95 Hz, 1 H), 
7.68 - 7.75 (m, 1 H), 7.43 (dd, J = 1.95, 8.59 Hz, 1 H), 7.25 - 7.33 (m, 5 H), 3.95 (s, 2 H), 3.78 
(s, 2 H), 3.31 (s, 2 H), 2.52 (s, 3 H). 13C NMR (101 MHz, CDCl3) δ 190.4, 151.2, 148.4, 142.2, 
136.2, 135.1, 128.9, 128.7, 127.9, 126.6, 126.5, 120.5, 118.0, 116.4, 114.5, 61.1 (x2), 49.6, 13.2. 
LRMS (ESI) m/z calcd for C21H17N4OBr [M + H]
+: 421.1/423.1, found 421.3/423.3. 
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4-(6-benzyl-3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridin-1-yl)-2-((3-
methoxypropyl)amino)benzonitrile: A mixture of 2.18 (4.00 g, 9.49 mmol), palladium acetate 
(1.10 g, 5.05 mmol), sodium tert-butoxide (1.00 g, 10.4 mmol) and 1,1’-ferrocenediyl-
bis(diphenylphosphine) (788 mg, 9.49 mmol) in toluene (10 mL) in a 30 mL microwave vial was 
stirred at room temperature and 3-methoxypropan-1-amine (1.937 mL, 18.99 mmol) was added. 
The vial was then heated to 120 °C for 10 min in a microwave reactor, and the resulting mixture 
was cooled, filtered through Celite with dichloromethane (40 mL) and the filtrate was 
concentrated on a rotary evaporator to give a brown oil. Purification by flash column 
chromatography (hexanes/ethyl acetate 1:1) gave the intermediate nitrile as a yellow oil (2.50 g, 
61%). 1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 8.20 Hz, 1 H), 7.23 - 7.32 (m, 5 H), 6.72 (d, J 
= 1.95 Hz, 1 H), 6.59 (dd, J = 1.95, 8.20 Hz, 1 H), 5.51 (t, J = 4.88 Hz, 1 H), 3.91 (s, 2 H), 3.75 
(s, 2 H), 3.54 (t, J = 5.47 Hz, 2 H), 3.37 (s, 3 H), 3.26 - 3.33 (m, 4 H), 2.52 (s, 3 H), 1.92 (quin, J 
= 5.86 Hz, 2 H). 13C NMR (101 MHz, CDCl3) δ 190.6, 151.4, 150.2, 148.1, 143.1, 136.3, 133.9, 
129.0, 128.6, 127.8, 117.3, 117.0, 109.6, 104.2, 95.0, 71.2, 61.3, 61.2, 58.8, 49.7, 42.0, 28.5, 
13.2. LRMS (ESI) m/z: [M + H]+ calcd for C25H27N5O2 430.2, found 430.2 
 
2-((3-methoxypropyl)amino)-4-(3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-
c]pyridin-1-yl)benzamide:The intermediate nitrile 2.19 (400 mg, 0.931 mmol) was taken up in 
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methanol (8 mL) and water (2mL) in a 30 mL microwave vial, and potassium carbonate (142 
mg, 1.024 mmol) was added. The mixture was then heated to 125 °C for 15 min in a microwave 
reactor, then cooled and diluted further with water (10 mL). The mixture was extracted with 
ethyl acetate, and the combined organic extracts were washed with brine, dried over sodium 
sulfate and concentrated on a rotary evaporator to give a yellow solid. Purification by flash 
column chromatography (hexanes/ethyl acetate 1:4) gave 2.20 as a yellow solid (140 mg, 34%). 
1H NMR (500 MHz, CDCl3) δ 8.08 (t, J =5.14 Hz, 1 H), 7.43 (d, J = 8.31 Hz, 1 H), 7.13 - 7.32 
(m, 5 H), 6.67 (d, J = 1.96 Hz, 1 H), 6.53 (dd, J = 2.20, 8.56 Hz, 1 H), 6.06 (br s, 2 H), 3.92 (s, 2 
H), 3.74 (s, 2 H), 3.48 (t, J = 5.87 Hz, 2H), 3.33 (s, 2 H), 3.28 (s, 2 H), 3.19 - 3.25 (m, 2 H), 2.52 
(s, 3 H), 1.89 (quin, J = 6.36 Hz, 2 H). 13C NMR (101 MHz, CDCl3) δ 190.8, 171.4, 151.1, 
149.8, 148.1, 142.3, 136.4, 129.8, 129.0, 128.6, 127.8, 116.9, 112.3, 108.0, 105.0, 70.2, 61.3, 
61.2, 58.7, 49.7, 40.1, 29.1, 13.3. HRMS m/z: [M + H]+  Calcd for C25H30N5O3 448.2344; Found 
448.2346. 
 
2-((3-methoxypropyl)amino)-4-(3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4c]pyridin-1-yl)benzamide:A mixture of 2.20 (400 mg, 0.894 mmol) in 95% 
ethanol (25 mL) and 2N hydrochloric acid (447 μL, 0.894 mmol) was purged with argon in a 50 
mL round bottomed flask and a catalytic amount of 10% palladium on carbon was added. The 
 45 
 
argon was evacuated under reduced pressure and the reaction was stirred under a balloon of 
hydrogen overnight. The mixture was filtered through Celite, washed with an additional aliquot 
of methanol and concentrated on a rotary evaporator to give a yellow solid. Purification by flash 
column chromatography (dichloromethane/methanol 19:1) gave 2.21 as a yellow solid (230 mg, 
72%). 1H NMR (500 MHz, DMSO-d6) δ 8.42 (t, J = 5.38 Hz, 1 H), 7.91 (br s, 1 H), 7.74 (d, J = 
8.31 Hz, 1H), 7.24 (br s, 1 H), 6.72 (d, J = 1.96 Hz, 1 H), 6.65 (dd, J = 1.96, 8.31 Hz, 1 H), 4.16 
(s, 2 H), 3.41 (t, J = 6.11 Hz, 2 H), 3.26 (s, 2 H), 3.23 (s, 3 H), 3.13 - 3.21 (m, 3 H), 2.40 (s, 3 H), 
1.80 (quin, J = 6.48 Hz, 2 H). 13C NMR (126 MHz, DMSO-d6) δ 194.4, 171.3, 151.3, 151.1, 
148.8, 142.1, 130.9, 116.5, 113.2, 107.7, 104.4, 70.0, 58.4, 54.5, 42.9, 39.8, 29.1, 13.5. HRMS 
m/z: [M + H]+  Calcd for C18H24N5O3 358.1879; Found 358.1874. 
 
4-(6-acetyl-3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridin-1-yl)-2-((3-
methoxypropyl)amino)benzamide To a stirred mixture of 2.21 (100 mg, 0.280 mmol) in 
pyridine (1 mL) was added acetic anhydride (26 µL, 0.280 mmol) dropwise. The resulting 
mixture was stirred at room temperature for an additional 1 h, then concentrated on a rotary 
evaporator to give a brown residue. Purification by flash column chromatography 
(dichloromethane/methanol 98:2) gave 2.22a as a tan solid (65 mg, 58%).1H NMR (500 MHz, 
CDCl3) δ 8.08 (br s, 1 H), 7.48 (d, J = 8.80 Hz,1 H), 6.66 - 6.80 (m, 1 H), 6.52 (d, J = 8.31 Hz, 1 
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H), 6.25 (br s, 2 H), 4.98 (s, 2 H), 4.15 (s, 2H), 3.46 (t, J = 5.87 Hz, 2 H), 3.29 (s, 3 H), 3.25 (q, J 
= 6.03 Hz, 2 H), 2.50 (s, 3 H), 2.13 (s, 3H), 1.89 (quin, J = 6.24 Hz, 2 H). 13C NMR (126 MHz, 
CDCl3) δ 187.0, 171.5, 169.9, 151.2, 150.2, 146.8, 141.9, 130.0, 116.5, 112.8, 107.9, 105.5, 70.2, 
58.6, 54.5, 40.2, 39.2, 29.1, 21.7, 13.2. HRMS m/z: [M + H]+ Calcd for C20H26N5O4 400.1985; 
Found 400.1980. 
 
2-((3-methoxypropyl)amino)-4-(3-methyl-4-oxo-6-propionyl-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-c]pyridin-1-yl)benzamide: Following a procedure identical to the one above using 
propionyl chloride, 2.22b was obtained as an off-white solid. 1H NMR (400 MHz, DMSO-d6) δ 
8.40 (d, J = 5.08 Hz, 1H), 7.85 - 8.02 (m, 1 H), 7.75 (d, J = 8.20 Hz, 1 H), 7.17 - 7.35 (m, 1 H), 
6.75 (br s, 1 H), 6.65(d, J = 8.20 Hz, 1 H), 5.01 (s, 2 H), 4.20 (s, 2 H), 3.38 (t, J = 6.05 Hz, 2 H), 
3.20 (s, 3 H), 3.12 -3.19 (m, 2 H), 2.39 (s, 3 H), 2.32 - 2.38 (m, 2 H), 1.73 - 1.83 (m, 2 H), 0.91 
(t, J = 7.22 Hz, 3 H).13C NMR (101 MHz, DMSO-d6) δ 188.4, 173.0, 171.2, 151.1, 149.2, 148.2, 
141.6, 131.0, 116.4,113.9, 107.9, 104.9, 70.0, 58.4, 53.8, 39.8, 39.3, 29.0, 26.2, 13.4, 9.6. HRMS 
m/z: [M + H]+ Calcd for C21H28N5O4 414.2141; Found 414.2136. 
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4-(6-isobutyryl-3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridin-1-yl)-2-((3-
methoxypropyl)amino)benzamide:Following a procedure identical to the one above using 
isobutyryl chloride, 2.22c  was obtained as a tan solid. 1H NMR (500 MHz, CDCl3) δ 8.12 (br s, 
1 H), 7.49 (d, J = 8.31Hz, 1 H), 7.27 (s, 1 H), 6.80 (br s, 1 H), 6.61 (d, J = 8.31 Hz, 1 H), 5.88 (br 
s, 1 H), 5.05 (br s, 1H), 4.24 (br s, 2 H), 3.51 (t, J = 5.87 Hz, 2 H), 3.48 (s, 1 H), 3.34 (s, 3 H), 
3.28 - 3.33 (m, 2 H),2.85 (m, 1 H), 2.55 (s, 3 H), 1.94 (quin, J = 6.24 Hz, 2 H), 1.79 (br s, 1 H), 
1.13 (d, J = 6.36 Hz,6 H). 13C NMR (126 MHz, CDCl3) δ 187.4, 176.3, 171.2, 151.3, 150.2, 
147.2, 142.0, 129.8,117.2, 112.6, 108.0, 105.6, 70.2, 58.6, 53.8, 40.2, 39.6, 30.6, 29.1, 19.2. 13.2. 
HRMS m/z: [M +H]+ Calcd for C22H30N5O4 428.2298; Found 428.2285. 
 
4-(6-(2-methoxyacetyl)-3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridin-1-yl)-
2-((3-methoxypropyl)amino)benzamide: Following a procedure identical to the one above 
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using 2-methoxyacetyl chloride, 2.22d was obtained as an off-white solid. 1H NMR (500 MHz, 
DMSO-d6) δ 8.32 - 8.55 (m, 1 H), 7.95 (br s, 1 H), 7.77 (d, J = 8.80 Hz, 1 H), 7.29 (br s, 1 H), 
6.78 (s, 1 H), 6.68 (d, J = 8.31 Hz, 1 H), 5.02 (s, 2 H), 4.17 - 4.27 (m, 2 H), 4.16 (s, 2 H), 3.41 (t, 
J = 6.11 Hz,2 H), 3.11 - 3.26 (m, 8 H), 2.41 (s, 3 H), 1.81 (quin, J = 6.36 Hz, 2 H). 13C NMR 
(126 MHz, DMSO-d6) δ 188.0, 171.2, 168.9, 151.1, 149.2, 147.7, 141.5, 131.0, 116.3, 113.9, 
107.9, 104.9, 71.1, 70.0, 58.7, 58.4, 53.0, 39.8, 39.2, 29.0, 13.4. HRMS m/z: [M + H]+  Calcd for 
C21H28N5O5 430.2090; Found 430.2085. 
 
4-(6-(cyclopentanecarbonyl)-3-methyl-4-oxo-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridin-
1-yl)-2-((3-methoxypropyl)amino)benzamide: Following a procedure identical to the one 
above using cyclopentane carbonyl chloride, 2.22e was obtained as an off-white solid. 1H NMR 
(400 MHz, CD3OD) δ 7.71 (d, J = 8.20 Hz, 1 H), 6.83 (s, 1 H), 6.59 - 6.76 (m, 1 H), 5.02 - 5.16 
(s, 2 H), 4.33 (s, 2 H), 3.50 (t, J = 5.86 Hz, 2 H), 3.31 (s, 3 H), 3.28 (td, J = 1.56, 3.12 Hz, 2 H), 
3.00 - 3.13 (m, 1 H), 2.47 (s, 3 H), 1.89 (quin, J = 6.44 Hz, 2 H), 1.55 - 1.85 (m, 8 H). 13C NMR 
(101 MHz, CD3OD) δ 188.3, 176.2, 172.3, 150.9, 149.8, 147.9, 141.6, 130.3, 116.1, 113.6, 
107.9, 104.9, 69.9, 57.5, 53.6, 40.9, 39.6, 39.4, 29.6, 28.7, 25.6, 11.8. HRMS m/z: [M + H]+ 
Calcd for C24H32N5O4 454.2454; Found 454.2440. 
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2-((3-methoxypropyl)amino)-4-(3-methyl-6-(4-methylbenzoyl)-4-oxo-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-c]pyridin-1-yl)benzamide: Following a procedure identical to the one above using 
4-methylbenzoyl chloride, 2.22f was obtained as an off-white solid. 1H NMR (500 MHz, CDCl3) 
δ 7.51 (d, J = 7.83 Hz, 1 H), 7.28 - 7.32 (m, 2 H), 7.21 - 7.26 (m, 2 H), 6.84 (br s, 1 H), 6.66 (d, J 
= 6.36 Hz, 1 H), 5.60 - 5.95 (m, 2 H), 5.17 (br s, 2 H), 4.23 (br s, 2 H), 3.53 (t, J = 5.87 Hz, 2 H), 
3.36 (s, 3 H), 3.33 (d, J = 5.38 Hz, 2 H), 2.57 (s, 3 H), 2.39 (s, 3 H), 1.96 (td, J = 5.93, 12.11 Hz, 
2 H), 1.75 (br s, 1 H). 13C NMR (126 MHz, CDCl3) δ 187.4, 171.6, 171.3, 151.2, 150.3, 143.7, 
141.9, 141.1, 131.0, 130.1, 129.4, 129.1, 127.4, 116.8, 112.8, 107.9, 105.4, 70.2, 58.6, 50.5, 40.2, 
29.1, 21.4, 13.2. HRMS m/z: [M + H]+ Calcd for C26H30N5O4 476.2298; Found 476.2293. 
 
2-((3-methoxypropyl)amino)-4-(3-methyl-6-(methylsulfonyl)-4-oxo-4,5,6,7-tetrahydro-1H-
pyrazolo[3,4-c]pyridin-1-yl)benzamide:To a stirred mixture of 2.21 (100 mg, 0.280 mmol) in 
pyridine (1.5 mL) was added methanesulfonyl chloride (24 μL, 0.31 mmol) dropwise. The 
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resulting mixture was stirred at room temperature for an additional 1 h, then concentrated on a 
rotary evaporator to give a brown residue. Purification by flash column chromatography 
(dichloromethane/methanol 19:1) gave 2.23 as a tan solid (70 mg, 57%). 1H NMR (500 MHz, 
DMSO-d6) δ 8.41 (br s, 1 H), 7.95 (br s, 1 H), 7.76 (d, J = 8.31 Hz, 1 H), 7.29 (br s, 1 H), 6.76 
(d, J = 1.96 Hz, 1 H), 6.64 (dd, J = 1.96, 8.31 Hz, 1 H), 4.82 (s, 2 H), 3.99 (s, 2 H), 3.41 (t, J = 
5.87 Hz, 2 H), 3.22 (s, 3 H), 3.17 - 3.21 (m, 2 H), 3.03 (s, 3 H), 2.43 (s, 3 H), 1.80 (quin, J = 6.48 
Hz, 2 H). 13C NMR (126 MHz, DMSO-d6) δ 187.8, 171.2, 151.1, 149.3, 146.9, 141.4, 131.0, 
116.2, 114.0, 107.9, 105.0, 70.0, 58.4, 53.3, 48.8, 39.8, 37.6, 29.0, 13.4. HRMS m/z: [M + H]+ 
Calcd for C19H26N5O5S 436.1655;Found 436.1664. 
 
4-nitrophenyl benzylcarbamate: To a solution of phenylmethanamine (1.615 mL, 14.7 mmol) 
in DCM (80 mL) and pyridine (1.196 mL, 14.7 mmol) was added 4-nitrophenyl 
carbonochloridate (2.98 g, 14.78 mmol) and was refluxed for 6 hours. The reaction mixture was 
then diluted with DCM and washed with sodium bicarbonate, water and brine. The resulting 
organic solution was dried over sodium sulfate and concentrated on a rotary evaporator. 
Purification by flash column chromatography (hexane/ethyl acetate 7:3) gave 2.25 as light 
yellow solid. (2.6 g, 65%). 1H NMR (400 MHz, CDCl3) δ 8.22 (d, 1H, J = 9.1 Hz), 7.3-7.4 (m, 
4H), 5.64 (br s, 1H), 4.46 (d, 1H, J = 6.1 Hz) ppm. 13C NMR (101 MHz, CDCl3) δ 155.9, 153.2, 
144.8, 137.4, 128.9, 127.9, 127.7, 125.1, 122.0, 45.4 ppm. LRMS (ESI) m/z calcd for 
C14H12N2O4 [M + H]
+: 273.1, found 273.3. 
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N-benzyl-1-(4-carbamoyl-3-((3-methoxypropyl)amino)phenyl)-3-methyl-4-oxo-1,4,5,7-
tetrahydro-6H-pyrazolo[3,4-c]pyridine-6-carboxamide:A solution of 2.21 (250 mg, 0.699 
mmol), 4-nitrophenyl-N-benzylcarbamate (209 mg, 0.769 mmol) and triethylamine (107 µL, 
0.769 mmol) in dichloromethane (20 mL) was stirred at room temperature overnight. The 
mixture was then diluted with dichloromethane (100 mL) and washed with water and brine. The 
resulting organic solution was dried over sodium sulfate and concentrated on a rotary evaporator 
to give an off-white residue. Purification by flash column chromatography 
(dichloromethane/methanol 19:1) gave 2.26a as an off-white solid (120 mg, 35%). 1H NMR (500 
MHz, DMSO-d6) δ 8.44 (t, J = 5.38 Hz, 1 H), 7.89 - 8.02 (m, 1 H), 7.77 (d, J = 8.31 Hz, 1 H), 
7.56 (t, J = 5.87 Hz, 1 H), 7.09 - 7.32 (m, 6 H), 6.75 (d, J = 1.96 Hz, 1 H), 6.68 (dd, J = 1.96, 
8.31 Hz, 1 H), 4.97 (s, 2 H), 4.18 (d, J = 5.38 Hz, 2 H), 4.14 (s, 2 H), 3.41 (t, J = 6.11 Hz, 2 H), 
3.22 (s, 3 H), 3.17 - 3.21 (m, 2 H), 2.41 (s, 3 H), 1.77 - 1.84 (m, 2 H). 13C NMR (126 MHz, 
DMSO-d6) δ 189.9, 171.2, 158.1, 151.1, 149.0, 148.8, 141.7, 140.8, 131.0,128.5, 127.3, 127.0, 
116.5, 113.6, 108.0, 104.9, 70.0, 58.4, 53.3, 44.0, 42.3, 39.8, 29.0, 13.4. HRMS m/z: [M + H]+ 
Calcd for C26H31N6O4 491.2407; Found 491.241 
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1-(4-carbamoyl-3-((3-methoxypropyl)amino)phenyl)-3-methyl-4-oxo-1,4,5,7-tetrahydro-
6H-pyrazolo[3,4-c]pyridine-6-carboxamide: A mixture of 2.26a (90 mg, 0.18 mmol) in acetic 
acid (5 mL) was purged with argon in a 50 mL round bottomed flask and a catalytic amount of 
10% palladium on carbon was added. The argon was evacuated under reduced pressure and the 
reaction was stirred under a balloon of hydrogen overnight. The mixture was filtered through 
Celite, washed with an additional aliquot of methanol and concentrated on a rotary evaporator to 
give a brown solid. Purification by flash column chromatography (dichloromethane/methanol 
19:1) gave 2.26b as a yellow solid (25 mg, 34%). 1H NMR (400 MHz, DMSO-d6) δ 8.41 (br s, 1 
H), 7.93 (br s, 1 H), 7.76 (d, J = 8.40 Hz, 1 H), 7.26 (br s, 1 H), 6.74 (s, 1 H), 6.66 (d, J = 8.30 
Hz, 1 H), 6.37 (br s, 2 H), 4.88 (s, 2 H), 4.07(s, 2 H), 3.40 (t, J = 6.00 H z, 2 H), 3.15 – 3.23 (m, 
2 H), 3.22 (s, 3 H), 2.40 (s, 3 H), 1.80 (quintet, J = 6.27 Hz, 2 H). 13C NMR (101 MHz, DMSO-
d6) δ 190.0, 171.2, 158.6, 151.1, 149.0, 148.9, 141.7, 131.0, 116.5, 113.7, 108.0, 104.9, 70.0, 
58.4, 53.3, 45.9, 41.9, 29.0, 13.4. HRMS m/z: [M + H]+ Calcd for C19H25N6O4 401.1937; Found 
401.1944. 
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Chapter 3 
 Radicicol hybrid analog   
3.1 Radicicol as Hsp 90 inhibitor 
Natural products have played a major role in the development of new chemotherapeutics for the 
treatment of many diseases. Radicicol is a natural product that was isolated from the culture of 
Monosporium bonorden.1 Like geldanamycin, radicicol was earlier thought to be a tyrosine 
kinase inhibitor2 but was later shown to inhibit Hsp 90 function by binding to its N-terminal ATP 
pocket.3 Radicicol and geldanamycin had previously been shown to impact L. donovani.4 
Radicicol showed potent in vitro activity against many tumor cell lines but was inactive in in 
vivo studies because of its reactive allylic epoxide and the unsaturated ketone. These 
functionalities are susceptible to reactions with many biological nucleophiles and thus result in 
formation of inactive metabolites.5,6 X-ray crystallographic studies for both compounds revealed 
similar interaction s with subtle differences in the N-terminal ATP pocket domain (Figure 3.1). 
The resorcinol moiety of radicicol was shown to mimic the hydrogen bonding interactions of the 
adenine ring of ATP in Hsp 90.7  
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Figure 3.1: Binding interaction of geldanamycin and radicicol with Hsp 90 active site.7 
Molecular dynamics studies of radicicol revealed three major conformations: the bioactive “L-
shaped” conformation, a planar conformation and a bent conformation with the macrocycle 
located opposite to the resorcinol ring. The bioactive conformation was the minimum energy 
conformation with hydrogen bonding network present between Asp79, Leu34, Thr171, Gly83 
and two water molecules.7 Stable oxime derivatives of radicicol such as KF58333 were 
developed and showed excellent antitumor activity in vivo with no liver toxicity.6 Pochonin D, a 
closely related radicicol analog was isolated from Pochonia chlamydosporia and shown to be a 
potent Hsp 90 inhibitor (Figure 3.2).8 Recent reports showed the synthesis of  macrolactones and 
stable resorcylic acid macrolactams with similar potency against Hsp 90. A cycloproparadicicol 
analog that had the replacement of the epoxide of radicicol with a cyclopropane was synthesized 
by Danishefsky and coworkers and shown to retain good antiproliferative activity with low 
toxicity.9 
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Figure 3.2:  Radicicol and its related macrolide analogs. 
3.2 Second generation Hsp 90 inhibitors 
Radicicol has been recognized as a structurally unique antibiotic that binds and inhibits the Hsp 
90. Radicicol’s Hsp 90 binding resorcinol unit showed important binding interactions and thus 
many subsequent second generation Hsp 90 inhibitors containing the resorcinol moiety were 
synthesized.9 Structure-based design approaches led to potent hybrid resorcinylic 
pyrazole/isoxazole amide analogues (Figure 3.3).10 These second-generation Hsp 90 inhibitors 
are classified into three major classes: purine, resorcinol, and benzamide.11 The purine class of 
Hsp 90 inhibitors were independently screened and shown to mimic the adenine ring of the ATP 
(PU-H71),12 resorcinol-based Hsp 90 inhibitors include AT1338713, NVP-AUY922.14 The 
benzamide scaffold, (Chapter 1) is another important class of Hsp 90 inhibitors which includes 
SNX-211215 (Figure 3.3). The synthetic second generation Hsp 90 inhibitors offer several 
advantages such as having greater potency, prolonged target inhibition, reduced toxicity, good 
bioavailability and ability to cross the blood-brain barrier.16   
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Figure 3.3: Second generation Hsp 90 inhibitors  
3.3 NVP-AUY922 (Luminespib) 
Luminespib is a significantly improved second generation isoxazole resorcinol derivative of a 
lead compound which was identified through a high-throughput screen at The Institute of Cancer 
Research (ICR).10,17 NVP-AUY922 is the most potent synthetic small-molecule Hsp 90 inhibitor 
known to date. AUY922 was successfully evaluated in a phase 1 study conducted in patients 
with different types of cancers and was subsequently examined in a phase 2 study in patients.18 
X- ray studies (Figure 3.4) showed resorcinol residues and the pyrazolo ring forming crucial 
hydrogen bonding interactions with Asp93, Thr184 and a cluster of highly ordered water 
molecules at the active site of Hsp 90. Also, the ethylamide residue of NVP-AUY922 
contributed to additional important hydrogen bonding interactions with Lys58 and Gly97. The 
isopropyl group in NVP-AUY922 resulted in an additional hydrophobic interaction with Leu107 
as compared to chloro substituent in the earlier synthesized analogs.14 
 59 
 
 
Figure 3.4:  PyMOL diagram showing binding interactions of NVP-AUY922.14 
3.4 Drug Design Strategy  
An examination of other clinical candidates that target Hsp 90 revealed similar features as 
AUY922.17 It was thought that the phenolic hydroxy of luminespib can mimic the ketone 
carbonyl of 2.09 to form a critical hydrogen bond with Tyr139. Furthermore, we were struck by 
the similarities that the anthranilamide portion of 2.09 (Chapter 2) had with luminespib, where 
the ethyl amide of luminespib and the amide of 2.09 analog were thought to be involved in 
crucial hydrogen bonding interactions to the key Asp 93 residue. Keeping these key hydrogen 
bond interactions in mind, synthesis of a hybrid-compound 3.11 combining the features of the 
important resorcinol moiety of radicicol and the anthranilamide part of 2.09 was undertaken that 
would feature the resorcinol that mimics radicicol with our anthranilamide. 
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Figure 3.5:  Proposed interactions of analogs 2.09, 3.11 and AUY922. 
3.5  Synthesis of radicicol hybrid analog 
Protection of the phenolic hydroxyls was achieved by treating 2,4-dihydroxyacetophenone 3.01 
with benzyl bromide in presence of potassium carbonate (K2CO3) to afford 3.02 (Scheme 3.1). 
Treatment with methyl magnesium bromide afforded the tertiary alcohol 3.03 in good yields 
which was later reduced to the isopropyl analog 3.04 by treating with trifluoracetic acid and 
triethylsilane.19, 22 Brominating 3.04 using bromine in DCM (dichloromethane) resulted in the 
formation of 3.05 which was conveniently converted to the corresponding boronic ester 3.06 
using B2pin2, KOAc and Pd(dppf)Cl2.
20,19 
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Scheme 3.1 Synthesis of Luminespib Hybrid 
 
On the other hand, for the synthesis of the anthranilamide part of the molecule, an amine side 
chain was introduced after treating 2-bromo-4-iodobenzonitrile 3.07 with 3-methoxypropan-1-
amine in presence of DIPEA in DMSO to afford 3.08. Analogs 3.06 and 3.08 were tethered 
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together using the Suzuki conditions in the presence of Pd(PPh3)4 and K2CO3 to get 3.09.
21 
Partial hydration of the nitrile was achieved using NaOH, H2O2 and DMSO to get the amide 
analog 3.10. Lastly, analog 3.11 was obtained in good yields by removal of the benzyl groups 
using hydrogen (H2) and 10% palladium on carbon (10% Pd/C). 
3.6 Results and Discussion  
Analog 3.11 was evaluated in both the initial high throughput axenic amastigote assay and in the 
high content screening (HCS) infected macrophage assay using transformed J774 murine 
macrophages to evaluate cytotoxicity. Analog 3.11 showed an IC50 of 3.56 µM in the infected 
macrophage assay and an IC50 of 9.79 µM in the cytotoxicity assay which resulted in poor 
selectivity with a therapeutic index of 2.8 for the analog. This low activity in the leishmanial 
assay and high cytotoxicity in J774 assay led us to believe that the analog synthesized could be 
more selective for Hsp 90 (hence cytotoxic) over protozoan orthologue Hsp 83. The Hsp 90 
alpha assay studies (Chapter 2) are being pursued for the 3.11 to evaluate it for Hsp 90 
inhibition. Also, Hsp 83 inhibition studies are being carried out which will provide a detailed 
information on the inhibition of Hsp’s and its relationship with observed antileishmanial activity. 
This will be essential to develop related analogs in the future.  
 
3.7   Experimental 
General experimental procedures: 
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 To a solution of 1-(2,4-dihydroxyphenyl) ethanone (15.0 g, 99.0 mmol) dissolved in acetonitrile 
(200 mL), potassium carbonate (40.9 g, 296 mmol) was added and the suspension was stirred. 
After interval of 5 minutes, benzyl bromide (27.0 mL, 227 mmol) dissolved in acetonitrile (50 
mL) was added dropwise. After addition, the reaction mixture was refluxed for 4 h. Solvent was 
evaporated under vacuum using rotary evaporator and was extracted using DCM and water. 
Recrystallization was done using hexane to afford white crystals (82%). 1H NMR (500 MHz, 
CDCl3)  7.86 (d, J = 9.29 Hz, 1H), 7.32 - 7.48 (m, 11H), 6.60 - 6.65 (m, 2H), 5.12 (s, 2H), 5.09 
(s, 2H), 2.57 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) 197.7, 163.5, 160.1, 136.2, 136.0, 
132.7, 128.7, 128.7, 128.3, 128.3, 127.6, 127.5, 121.7, 106.3, 100.3, 70.7, 70.3, 32.2 ppm. 
LRMS (ESI) m/z calc’d for C22H20O3 [M + H]+: 333.1, found 333.1. 
 
 To a solution of 1-(2,4-bis(benzyloxy)phenyl) ethanone (14.0 g, 42.1 mmol) in dry THF (200 
mL) at 0°C under argon was added methyl magnesium bromide (28.0 mL, 84.0 mmol) dropwise. 
The reaction was stirred for 30 minutes at 0°C and was left on stirring for 2 h. The mixture was 
poured in water and was extracted with diethyl ether. Organic layer was dried with sodium 
sulfate and was evaporated on the rotary evaporator to afford a white solid which was crystalized 
using hot MeOH to afford the product (70%). 1H NMR (500 MHz, CDCl3) 7.29 - 7.50 (m, 
10H), 7.25 (d, J = 8.31 Hz, 1H), 6.67 (d, J = 2.45 Hz, 1H), 6.55 (dd, J = 2.45, 8.31 Hz, 1H), 5.10 
(s, 2H), 5.04 (s, 2H), 4.02 (s, 1H), 1.60 (s, 6H) ppm. 13C NMR (126 MHz, CDCl3) 158.8, 
157.0, 136.8, 136.1, 129.0, 128.8, 128.6, 128.3, 128.0, 127.6, 127.5, 126.4, 105.3, 101.2, 72.2, 
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70.5, 70.2, 29.9 ppm. LRMS (ESI) m/z calc’d for C23H24O3 [M + H]+: 349.1, found 331.1 (-
H2O). 
 
 To a solution 2-(2,4-bis(benzyloxy)phenyl) propan-2-ol (9.0 g, 25 mmol) in DCM (150 mL) 
under argon atmosphere at -78°C was added triethylsilane (5.36 mL, 33.6 mmol) and after an 
interval of 5 minutes was followed by trifluoroacetic acid (3.98 mL, 51.7 mmol) addition 
dropwise. The mixture was left to slowly heat to room temp and was stirred overnight. The 
mixture was then poured into 150 mL saturated NaHCO3 solution in water and was extracted 
using DCM. Solvent was evaporated on the rotary evaporator to give a colorless oil. Purification 
by flash column chromatography (hexanes/ethyl acetate 8:2) gave colorless oil (70%). 1H NMR 
(500 MHz, CDCl3)  7.33 - 7.49 (m, 10H), 7.16 (d, J = 8.31 Hz, 1H), 6.64 (d, J = 2.45 Hz, 1H), 
6.59 (dd, J = 2.45, 8.80 Hz, 1H), 5.07 (s, 2H), 5.05 (s, 2H), 3.37 (spt, J = 6.93 Hz, 1H), 1.26 (s, 
3H), 1.25 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) 157.9, 156.8, 137.4, 137.2, 130.1, 128.6, 
128.5, 128.0, 127.7, 127.6, 127.1, 126.4, 105.4, 100.5, 70.2, 70.0, 26.5, 22.9 ppm. LRMS (ESI) 
m/z calc’d for C23H24O2 [M + H]+: 333.1, found 333.1. 
 
 To a solution of (4-isopropyl-1,3-phenylene)bis(oxy))bis(methylene))dibenzene (1.0 g, 3.0 
mmol) in DCM ( 20 mL) in a round bottom flask at 0°C was added bromine (0.186 mL, 3.61 
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mmol) dropwise and was then left for stirring for 2 h. The mixture was poured in water and 
extracted using DCM and excess bromine was removed by treating with saturated sodium 
thiosulfate solution during extraction. Solvent was evaporated on the rotary evaporator. 
Purification by flash column chromatography (hexanes/ethyl acetate 8:2) provided compound as 
white solid (57%). 1H NMR (400 MHz, CDCl3) 7.28 - 7.47 (m, 11H), 6.53 (s, 1H), 5.07 (s, 
2H), 4.98 (s, 2H), 3.28 (spt, J = 6.90 Hz, 1H), 1.19 (s, 3H), 1.18 (s, 3H) ppm. 13C NMR (101 
MHz, CDCl3)  155.7, 153.4, 136.9, 136.7, 131.9, 130.2, 128.6, 128.6, 127.9, 127.9, 127.1, 
127.1, 103.2, 100.6, 71.4, 70.5, 26.4, 22.7 ppm. LRMS (ESI) m/z calc’d for C23H23BrO2 [M + 
H]+: 411.1/413.1, found 411.1/413.1. 
 
To a solution of (4-bromo-6-isopropyl-1,3-phenylene)bis(oxy))bis(methylene))dibenzene (800 
mg, 1.94 mmol) and dry DMF (5 mL) in a round bottom flask under argon was added pd dppf 
dichloride (71.1 mg, 0.097 mmol), Bis(pinacolato)diboron (741 mg, 2.92 mmol), potassium 
acetate (248 mg, 2.53 mmol) and the reaction mixture was allowed to heat at 110 °C overnight. 
Solvent was evaporated on the rotary evaporator. Purification by flash column chromatography 
(hexanes/ethyl acetate 7.5:2.5) provided compound as white solid (66%). 1H NMR (500 MHz, 
CDCl3) 7.22 - 7.45 (m, 12H), 6.52 (s, 1H), 5.09 (s, 2H), 5.06 (s, 2H), 3.29 (spt, J= 6.90 Hz, 
1H), 1.35 (s, 12H), 1.24 (s, 3H), 1.23 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) 163.3, 159.4, 
137.8, 137.1, 134.3, 129.4, 128.5, 128.1, 127.8, 127.3, 127.1, 126.9, 98.2, 83.1, 70.8, 69.9, 26.9, 
24.9, 22.8 ppm. LRMS (ESI) m/z calc’d for C29H35BO4 [M + H]+: 459.2, found 459.4 
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 To a solution of 2-bromo-4-iodobenzonitrile (1.0 g, 3.2 mmol) in DMSO (20 mL) was added 3-
methoxypropan-1-amine (0.994 mL, 9.74 mmol) and Hunig's Base (2.26 mL, 12.99 mmol) and 
the reaction was stirred at 150 °C for 12h. The mixture was extracted with ethyl acetate and was 
washed with sodium bicarbonate. Solvent was evaporated on rotary evaporator after drying with 
sodium sulfate. Purification by flash column chromatography (hexanes/ethyl acetate 3:1) to 
provide compound as yellow powder (59%). 1H NMR (400 MHz, CDCl3) 7.01-7.03 (m, 1H), 
7.01(s, 1H), 6.93 - 6.97 (m, 1H), 3.51 (t, J = 5.47 Hz, 2H), 3.36 (s, 3H), 3.26 (t, J = 6.4 Hz, 2H), 
1.90 (quin, J = 6.25 Hz, 2H) ppm. 13C NMR (101 MHz, CDCl3) 151.0, 133.3, 125.4, 119.4, 
117.4, 102.1, 95.1, 71.1, 58.8, 41.4, 28.6 ppm. LRMS (ESI) m/z calc’d for C11H13IN2O [M + 
H]+: 317.2, found 317.4. 
 
 To a solution of 2-(2,4-bis(benzyloxy)-5-isopropylphenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (300 mg, 0.65 mmol) in 1,4-Dioxane (5 mL) under argon atmosphere were added  
4-iodo-2-((3-methoxypropyl)amino)benzonitrile (248 mg, 0.785 mmol), TBAB (1.59 mg, 4.96 
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µmol), Tertakis (Triphenylphosphine) Palladium(0) (11.5 mg, 10.0 µmol), and K2CO3 (13.7 mg, 
99.1 µmol).The reaction was allowed to stir at 140°C for 8 h. The mixture was extracted with 
ethyl acetate. Solvent was evaporated on rotary evaporator after drying with sodium sulfate. 
Purification by flash column chromatography (hexanes/ethyl acetate 3.5:1) afforded the product 
as light yellow solid (67%) 1H NMR (400 MHz, CDCl3) 7.29 - 7.46 (m, 11H), 6.90 (s, 1H), 
6.82 - 6.87 (dd, J= 1.56 Hz, 6.6 Hz 1H), 6.64 (s, 1H), 5.09 (s, 2H), 4.99 (s, 2H), 3.48 (t, J = 5.66 
Hz, 2H), 3.38 - 3.40 (Septet(buried), 1H), 3.36 (s, 3H), 3.22 (t, J = 6.44 Hz, 2H), 1.86 (quin, J = 
6.05 Hz, 2H), 1.25 (s, 3H), 1.27 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3) 156.6, 154.3, 
150.2, 144.9, 137.1, 136.9, 132.1, 130.3, 128.6, 128.5, 128.1, 127.9, 127.9, 127.3, 127.1, 122.5, 
118.4, 117.9, 111.7, 99.3, 93.5, 71.2, 71.0, 70.3, 58.7, 41.4, 28.8, 26.6, 22.8 ppm. LRMS (ESI) 
m/z calc’d for C34H36 N2O3 [M + H]+: 521.3, found 521.2 
 
 To a solution of 2',4'-bis(benzyloxy)-5'-isopropyl-3-((3-methoxypropyl)amino)-[1,1'-biphenyl]-
4-carbonitrile (100 mg, 0.192 mmol) in ethanol were added DMSO (18.0 mg, 0.230 mmol), 
hydrogen peroxide (39.2 mg, 1.15 mmol) and sodium hydroxide (0.192 mL, 0.192 mmol) in 
ethanol were added and left for stirring at room temperature. Product was confirmed by LCMS 
and was taken for the next step without purification after evaporation of solvents under vacuum 
using rotary evaporator. Crude 2',4'-bis(benzyloxy)-5'-isopropyl-3-((3-methoxypropyl) amino)-
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[1,1'-biphenyl]-4-carboxamide (70.0 mg, 0.130 mmol) was dissolved MeOH (10mL) and 10% 
palladium on carbon (11.06 mg, 0.104 mmol) was added under hydrogen atmosphere and was 
left for stirring overnight at room temperature. The mixture was filtered through Celite, washed 
with an additional aliquot of methanol and concentrated on a rotary evaporator to give a yellow 
solid. Purification by flash column chromatography (DCM/MeOH 98:2) afforded the product 
(75%). 1H NMR (400 MHz, CD3OD) 7.51 (d, J = 8.20 Hz, 1H), 7.01 (s, 1H), 6.91 (d, J = 1.56 
Hz, 1H), 6.72 (dd, J = 1.56, 8.20 Hz, 1H), 6.38 (s, 1H), 3.46 (t, J = 6.05 Hz, 2H), 3.28 (s, 3H), 
3.25 (t, J = 6.83 Hz, 2H), 3.13 - 3.22 (m, 1H), 1.83 - 1.91 (quin, J = 6.64 2H), 1.19 (s, 3H) 1.17 
(s, 3H) ppm. 13C NMR (101 MHz, CD3OD) 173.6, 154.8, 152.3, 149.8, 144.4, 128.4, 127.3, 
126.6, 119.5, 115.7, 112.1, 111.2, 102.7, 70.1, 57.5, 39.5, 28.9, 26.3, 22.0 ppm. HRMS m/z: 
[M+H]+ calc’d for C21H28N4O3 359.1926; Found 359.1977. 
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Chapter 4 
Introduction 
4.1  Malaria   
The word malaria originated from the Italian words, “mala aria” during the 18th century and 
translates to bad air.1 Malaria is one of the major public health concerns with at least 3.4 billion 
people at risk of infection. It is endemic to 104 countries around the world globally. Typically, 
five species of Plasmodium genus are known to infect humans which are transmitted by 
Anopheles mosquitoes.2 These species include Plasmodium falciparum, Plasmodium vivax, 
Plasmodium ovale, Plasmodium knowlesi, and Plasmodium malariae.  The most common 
species to infect humans include P. falciparum and P. vivax. The P. falciparum species have 
been reported to have developed multi-drug resistance in the last few decades and are estimated 
to cause about 1 million deaths per year.3 No vaccine has been developed against malaria, but it 
can be prevented and is curable with medication.1 According to the World Health Organization 
(WHO), in 2016 approximately 216 million cases of malaria were reported worldwide resulting 
in 445,000 deaths.4 Most of the cases were reported in sub-Saharan Africa and India, with high 
morbidity in the case of children under the age of 5 years.4 However, with growing knowledge, 
medication, and funding to tackle malaria, the rate of deaths in children has been reduced by 
54% since 2000. The rate of malaria related fatalities has been on the decline in last few decades, 
but the emergence of resistant strains still poses a major threat to populations living in endemic 
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areas.5 Therefore, new methods to combat malaria are required, including development of new 
drugs that are active against different stages of the Plasmodium life cycle. 
 
4.2 Life cycle of Plasmodium 
The life cycle of Plasmodium involves three different stages: infection of a human with 
sporozoites, asexual reproduction followed by sexual reproduction. The first two stages occur in 
humans while the sexual reproduction stage is completed in the female Anopheles mosquito. 
Infection in humans starts with the bite of an infected female Anopheles mosquito, which injects 
the sporozoites into the blood with its saliva.6 These sporozoites enter the liver cells within hours 
through blood circulation, and that start multiplying asexually to form schizonts within 6-7 days. 
Each schizont then reproduces rapidly to form thousands of merozoites, which are released into 
the blood stream marking the end of the exoerythrocytic phase. The exoerythrocytic phase does 
not show pathology of the disease. Merozoites released into the blood stream then invade red 
blood cells, first forming a ring stage that advances into a trophozoite, where it feeds on host’s 
hemoglobin by digesting the globin which is used as a source of amino acids for their 
reproduction. These merozoites reproduce asexually inside the red blood cells, leading to their 
rupture and subsequent infection of additional red blood cells. These blood stage parasites cause 
the illness and show pathology associated with the disease. This erythrocytic phase undergoes 
multiple cycles, thus releasing several merozoites after each cycle into the blood stream, which 
causes periodic cycles of fever and chills in patients suffering from malaria.6 
During this stage, a few parasites differentiate into male and female gametocytes, which is a 
nonpathogenic form of the parasite. These gametocytes are taken up along with the blood meal 
by a female Anopheles mosquito when it bites an infected person, and the gametocytes transform 
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into microgametes (male) and macrogametes (female) by a process known as gametogenesis 
inside the mosquito.3 In the mosquito’s gut, microgametes fertilize macrogametes to form a 
zygote. The zygote, after fertilization, develops into an active elongated form called an ookinete. 
The ookinete then burrows into the midgut wall of the mosquito to form an oocyst. Inside the 
oocyst, the ookinete divides to produce thousands of sporozoites. The oocyst ruptures and 
releases several sporozoites, which eventually invade the salivary glands of the mosquito and are 
ready for infection during the blood meal of the mosquito.6 
 
                                          Figure 4.1: Plasmodium life cycle7 
4.3 Current treatments against malaria 
Currently available antimalarials broadly fall into four major categories based on their structure 
and their mode of action against different stages of the Plasmodium life cycle. These include 
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antifolates, aryl amino alcohol compounds, artemisinin compounds and 
hydroxynaphthoquinones.8 Chloroquine was first synthesized in Germany during World War II, 
and was introduced for clinical use in 1947. Since then it has been a cornerstone for malaria 
treatment.8 Chloroquine accumulates in the parasite’s food vacuoles and binds to hemozoin 
molecules, thus preventing the heme biocrystallization that leads to the accumulation of heme. 
Chloroquine binds to the accumulated heme to form a toxic chloroquine-heme complex that 
leads to cell death by oxidative damage and cell lysis.9 Chloroquine resistance was first reported 
in the 1950’s in Colombia and Thailand and was caused by an active efflux mechanism aided by 
the efflux protein PfCRT that actively removes chloroquine from the food vacuoles of the 
parasite.10,11 
Pyrimethamine (Type-I antifolate) was first introduced for clinical use in 1953. It is given in 
combination with the sulfonamide sulfadoxine (Type-II antifolate). Pyrimethamine inhibits 
dihydrofolate reductase (DHFR), and sulfadoxine is a dihydropteroate synthase (DHPS) 
inhibitor. These two enzymes are involved in folate synthesis.12 Inhibition of this key metabolic 
pathway results in inhibition of purine and pyrimidine nucleotides and certain amino acid 
synthesis. Antifolates are susceptible to resistance caused by point mutations in DHFR and 
DHPS enzymes.13 
Atovaquone is a naphthoquinone that was introduced for clinical use in 1992. It is generally used 
in combination with proguanil, which is a DHFR inhibitor. Atovaquone inhibits the 
mitochondrial electron transport chain by binding to the cytochrome bc1 complex of 
mitochondria. The malaria mitochondria electron transport chain is required to dispose of the 
electrons generated during pyrimidine biosynthesis and its inhibition may lead to the parasite’s 
death.14 Also, it leads to dissipation of the electropotential across the mitochondrial membrane, 
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resulting in apoptosis.15 Mutations in cytochrome b were seen in atovaquone-resistant strains, 
indicating the cause of atovaquone resistance.16 
Mefloquine, a quinoline derivative, was developed in the 1960’s at Walter Reed Army Institute 
of Research and approved by the FDA in 1989.14 Limitations of mefloquine include 
neuropsychiatric side effects and the cost compared to other antimalarial drugs, which limits its 
use in developing countries. Studies have shown that mefloquine inhibits the accumulation of 
hemozoin in infected cells like chloroquine.17 However, recent reports have suggested that 
mefloquine acts by inhibiting the process of endocytosis. The first reported case of mefloquine 
resistance appeared in 1982 in Thailand and new cases were reported in many isolated areas of 
Southeastern Asia. The resistance was believed to be due to mutation of Plasmodium falciparum 
Multidrug Resistance (Pfmdr-1), which encodes for protein Pgh-1 that acts as an efflux pump to 
extrude drugs from the food vacuoles.18 
In 1971, with the help of ancient texts, a natural product artemisinin was discovered in China and 
was shown to have potent antimalarial activity.19 Natural and semi-synthetic derivatives of 
artemisinin (dihydroartemisinin (DHA) and artesunate) were found to have better properties and 
activity than artemisinin.19,20 These analogs are given in combination and is known as 
artemisinin-based combination therapy (ACTs). The mechanism of action of artemisinin has not 
been completely elucidated.21 P. falciparum resistance to artemisinins was reported in Cambodia 
and Thailand in 2009.21 ACTs are currently the drug of choice as anti-malarial drugs and the 
growing resistance to these combinations will impact many countries in the future. Although 
many drugs are in use to treat malaria, the growing resistance and their high cost limit their use; 
mostly in poor endemic areas of the world where malaria is prevalent and offers more financial 
burden.22 
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Figure 4.2: Current treatments against Malaria. 
4.4   Role of xanthurenic acid in mosquitoes                            
 Mosquitoes consume large amounts of blood compared to their body weight during a blood 
meal. The hydrolysis of blood proteins by proteases results in the release of heme, the non-
protein part of hemoglobin.23 Heme is a toxic molecule and can lead to formation of free 
radicals. At high concentrations, heme can destabilize the phospholipid bilayers due to its 
amphiphilic nature, and can result in cell destruction.24 In addition, heme degradation leads to 
iron release, which leads to the formation of reactive oxygen species that can result in oxidative 
stress in the mosquito.25 Recent reports have provided insight into the role of xanthurenic acid 
(XA) as a heme and iron chelator (Figure 4.3).  
 
Figure 4.3: Xanthurenic acid (XA). 
XA is tryptophan degradation product, formed through the kynurenine pathway in vitamin B6-
deficient animals and is usually associated with eye pigment coloration in insects.23 Reports 
suggest that XA reaches maximum levels of concentration in mosquitoes after a blood meal.24 
 78 
 
Hemoglobin digestion and the presence of heme and iron in large amounts in the midgut lumen 
are believed to be the reasons for this sudden increase of XA concentration. Additionally, in 
vitro, XA inhibits heme and iron-induced lipid peroxidation by binding to both heme and iron, 
suggesting XA’s role as an antioxidant after a blood meal.23,26 
4.5 Role of xanthurenic acid in Plasmodium     
Sexual reproduction is the important step in each transmission cycle of Plasmodium species. 
Although gametocytes (mature sexual stage) are present in the blood of the host during infection, 
the sexual reproduction only occurs in the gut of vector mosquitoes after ingestion of these 
gametocytes from an infected host during a blood meal.27 Gametogenesis starts with the 
dissolution of erythrocyte membranes surrounding the gametocytes shortly after the blood meal. 
In the case of male gametes, nuclear restructuring is observed which results in the formation of 
several flagellated motile male gametes. Gametogenesis is shown to be stimulated in vitro by a 
drop in temperature coupled with an increase in pH or in the presence of a mosquito metabolite 
(xanthurenic acid).28,29 In the mosquito, transamination of 3-hydroxykynurenine to xanthurenic 
acid is catalyzed by alanine glyoxylate aminotransferase in the pathway of tryptophan 
metabolism to prevent the organism from oxidative stress.30 Plasmodium utilize this pathway to 
use XA as a chemical signal for development of gametes in the mosquito. 
XA triggers an intracellular rise in cytosolic calcium concentration specifically in gametocytes, 
which is required for gametogenesis. A calcium dependent protein kinase (CDPK4) is known to 
translate the xanthurenic acid induced calcium signal response for the initiation of DNA 
replication in P. berghei.31 The role of other secondary messengers involved in controlling this 
process has been reported.31 The hydrolyzed products of phosphatidylinositol by phospholipase 
C have been reported to induce exflagellation, and the use of pharmacological agents has 
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provided evidence of the role played by the cyclic guanosine monophosphate (cGMP) in 
signaling pathways. However, the involvement of cGMP or cAMP (cyclic adenosine 
monophosphate) in the induction of gametocytogenesis and their significance in signaling 
cascade needs to be further verified.32,31,33  
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Chapter 5 
Synthesis of xanthurenic acid analogs 
5.1 Drug Design Strategies 
For the obligatory sexual phase in the life cycle of Plasmodium, gametocytes re-enter into the 
blood circulation after 8-10 days to get ingested by a female Anopheles mosquito during a blood 
meal from the infected host.1 For successful transmission, it is important that the gametocytes 
remain inactivated in the human host and must be sequestered in the host’s erythrocytes prior to 
fertilization.2 Blocking the transmission of the parasite among different hosts is an important step 
for malaria eradication. In the blood stream of an infected patient, a minority of parasites 
differentiate into gametocytes, which helps in the continuation of the parasite’s life cycle.3 Since 
xanthurenic acid (XA) is vital for the gametogenesis of the parasite,4 we envisioned the synthesis 
of xanthurenic acid related compounds that would target and transform these gametocytes in the 
blood stream of the host by inducing premature exflagellation. This would in turn prevent the 
transmission of the gametocytes from the human to mosquito. Billker and coworkers synthesized 
O-alkylated analogs of xanthurenic acid, but they were found to be inactive in inducing 
exflagellation in the assay.5 Based on these observations and the importance of hydrogen 
bonding interactions in inducing exflagellation, we set out to synthesize analogs of xanthurenic 
acid with groups preserving these important hydrogen bonding interactions (Figure 5.1). Firstly, 
a xanthurenic acid analog having the replacement of the 4-hydroxy group with an amine group 
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was envisioned.  Replacement of the 8-hydroxy group with different amines would let us 
generate a variety of analogs which would help us with SAR analysis.  
 
Figure 5.1: Proposed analogs of xanthurenic acid. 
5.2   Synthesis of 4-amino-8-hydroxyquinoline-2-carboxylic acid analog  
Synthesis of 4-amino-8-hydroxyquinoline-2-carboxylic acid 5.07 started with the protection of 
the hydroxyl group in 2-nitrophenol 5.01 with benzyl bromide to afford 5.02. Reduction of 5.02 
using iron in acetic acid (Scheme 5.1) resulted in the formation of 5.03. Treating 5.03 with 
DMAD (dimethylacetylenedicarboxylate) in methanol afforded the aza-Michael adduct 5.04 in 
excellent yields. Cycloacylation of 5.04 was achieved by heating in toluene overnight at 220 ºC 
to get the 4-hydroxyquinoline with an ester functionality at the 2-position, 5.05. Reacting 5.05 with p-
toluenesulfonyl isocyanate in acetonitrile resulted in the formation of 5.06.6,7 Treatment of 5.06 with 
90% sulfuric acid and subsequent workup afforded 4-amino-8-hydroxyquinoline-2-carboxylic acid 
analog 5.07. 
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Scheme 5.1 Synthesis of 4-amino-8-hydroxyquinoline-2-carboxylic acid analog 
 
5.3   Synthesis of 8-amino-4-hydroxyquinoline-2-carboxylic acid analog 
Synthesis of 8-amino-4-hydroxyquinoline-2-carboxylic acid (5.12) started with aza-Michael 
addition of 2-nitroaniline (5.08) to DMAD affording 5.09 in good yields. Cycloacylation of 5.09 
was achieved by heating it in toluene at 250 ºC overnight to get 5.10. 6,7 Catalytic hydrogenation 
of 5.10 using 10% palladium on carbon and hydrogen (Scheme 5.2) resulted in formation of 
5.11. Saponification of 5.11 using sodium hydroxide in methanol afforded 8-amino-4-
hydroxyquinoline-2-carboxylic acid analog 5.12.  
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Scheme 5.2 Synthesis of 8-amino-4-hydroxyquinoline-2-carboxylic acid analog 
 
5.4 Synthesis of 8-(substituted amino-4-hydroxyquinoline-2-carboxylic acid analogs 
To achieve the synthesis of different amine side chains at the 8-position, a key intermediate 5.16 
was required. Firstly, 2-bromoaniline 5.13 was treated with DMAD in methanol to get the 
corresponding aza-Michael adduct 5.14. Cycloacylation of 5.14 was achieved by heating it in 
toluene at 250 ºC overnight to get 5.15. 6,7 Protection of the 4-hydroxy with benzyl bromide in 
acetonitrile (Scheme 5.3) afforded the key intermediate 5.16. Different amine substituted 
analogs, (5.18a-g) were synthesized by reacting various amines using Buchwald-Hartwig 
amination conditions, utilizing Xantphos, Pd(dba)2 and cesium carbonate in dioxane.
 8 Reaction 
of 5.16 with aniline afforded 5.17a. Removal of the benzyl group using 10% palladium on 
carbon and hydrogen and subsequent saponification of the methyl ester using sodium hydroxide 
resulted in the formation of 5.18a. Utilizing these same set of conditions, other amine analogs 
were synthesized (5.18b-g). 3-Methoxypropylamine and furfural amine resulted in the formation 
of 5.18b and 5.18c. Isopropyl amine was used to form 5.18d. Cyclopentyl and cyclohexyl 
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substituents were introduced using cyclopentylamine and cyclohexylamine to afford 5.18e and 
5.18f. Finally, phenylethyl amine was reacted with 5.16 to form 5.18g.  
Scheme 5.3 Synthesis of 8-(substituted amino-4-hydroxyquinoline-2-carboxylic acid 
analogs 
 
5.5 Synthesis of 6-substituted 4,8-hydroxyquinoline-2-carboxylic acid analogs 
Substitution at the 6-position of 4,8-hydroxyquinoline-2-carboxylic acid was envisioned which 
would allow us to install chemical probes such as biotin and fluorescein tags to help understand 
the mechanism of action of xanthurenic acid in gametogenesis (chapter 4.1). The 6-position of 
4,8-hydroxyquinoline-2-carboxylic acid was carefully selected based on the knowledge that in 
xanthurenic acid, the hydroxy group at carbon 4-position, carboxylic acid at 2-position and the 
nitrogen of the quinoline are critical for sequestering iron in the mosquito. Any changes at these 
positions leads to a loss in exflagellation activity (chapter 4.1), as seen with the analogs 
synthesized by Oliver Billker and coworkers.5 Synthesis of 6-position substituted analogs of 4,8-
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hydroxyquinoline-2-carboxylic acid required a key intermediate 5.25. To achieve its synthesis, 
nitration of 3-bromophenol (5.19) was achieved using concentrated nitric acid and sulfuric acid, 
which resulted in the formation of 5-bromo-2-nitro phenol 5.20 in low yield. Protection of the 
hydroxyl group with benzyl bromide afforded 5.21. Reduction of the nitro group (Scheme 5.4a) 
to the corresponding amine 5.22 was achieved by treating 5.21 with iron in acetic acid. 
Treatment of 5.22 with DMAD in methanol resulted in the formation of the corresponding aza-
Michael adduct 5.23 and its cycloacylation was achieved by heating it in toluene at 250 ºC 
overnight to get 5.24. 6,7 Protection of the hydroxyl group using benzyl bromide resulted in 5.25. 
Scheme 5.4a Synthesis of 6-substituted 4,8-hydroxyquinoline-2-carboxylic acid analogs 
 
The analog 5.27 was synthesized using Buchwald-Hartwig amination conditions, utilizing 
Xantphos, Pd(dba)2, cesium carbonate and aniline (Scheme 5.4b) in dioxane to get 5.26. 
Removal of the benzyl group using 10% palladium on carbon and hydrogen and subsequent 
saponification of the methyl ester using sodium hydroxide resulted in formation of 5.27.  
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Scheme 5.4b Synthesis of 6-substituted 4,8-hydroxyquinoline-2-carboxylic acid analogs 
 
Also, Suzuki coupling of 5.25 using phenylboronic acid, tetrakis(triphenylphosphine) palladium 
(0), potassium carbonate and a catalytic amount of tetrabutylammonium bromide in dioxane at 
140 ºC yielded 5.28.9 Removal of the benzyl group and saponification resulted in the formation 
of 5.29. Suzuki coupling using 4-carboxyphenylboronic acid, palladium(II) acetate and 
triphenylphosphine in a toluene ethanol mixture at 140 ºC with 5.25 resulted in the formation of 
5.30. Reductive removal of the benzyl group utilizing 10% palladium on carbon and hydrogen 
and its saponification resulted in 5.31.10  
5.6 Synthesis of biotinylated xanthurenic acid analog 
Several attempts to install a tetraethylene glycol linker on the 4-carboxyphenyl analog 5.30 
proved futile. To circumvent this problem and to investigate our hypothesis, synthesis of an 
acetamide tetraethylene glycol linker 5.37 was undertaken. The free alcohols of tetraethylene 
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glycol 5.32 were first mesylated, (Scheme 5.5), and were then displaced using sodium azide to 
afford 5.33.11 Mono- Staudinger reduction of 5.33 using triphenylphosphine in 2% HCl resulted 
in the reduction of one of the azides to amine 5.34.12  
Scheme 5.5 Synthesis of initial linker analog of xanthurenic acid 
 
Coupling of 5.34 with 4-bromobenzoic acid using HATU and DIPEA in dichloromethane 
resulted in 5.35 and the reduction of the azide on the other end of tetraethylene glycol using 
Staudinger conditions resulted in 5.36.11,12 The resulting free amine 5.36 was converted into the 
corresponding acetamide using acetyl chloride and DIPEA in dichloromethane to afford 5.37. On 
the other hand, 5.25 was converted into its boronic ester 5.38 using B2pin2, Pd(dppf)Cl2 and 
potassium acetate in DMF.9 Subsequently, 5.37 and 5.38 were coupled using tetrakis 
(triphenylphosphine)palladium (0), potassium carbonate and a catalytic amount of 
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tetrabutylammonium bromide in dioxane at 140 ºC to get 5.39. Removal of the benzyl group 
using 10% palladium on carbon and hydrogen and subsequent saponification of the methyl ester 
using sodium hydroxide resulted in the formation of 5.40. The activity of analog 5.40 was 
determined in the exflagellation assay and it showed promising exflagellation activity 
comparable to xanthurenic acid. Therefore, we decided to set out to make the biotinylated 
counterpart of the linker at 6-position. The activated ester of biotin 5.42 was synthesized by 
treating biotin with N-hydroxysuccinimide and EDC. Analog 5.42 was coupled with 5.36 using 
EDC to get 5.43. Suzuki coupling of 5.43 and 5.38 using tetrakis(triphenylphosphine)palladium 
(0), potassium carbonate and a catalytic amount of tetrabutylammonium bromide (Scheme 5.6) 
in dioxane at 140 ºC resulted in the formation of 5.44.9 Removal of the benzyl groups and 
saponification afforded analog 5.45. 
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Scheme 5.6 Synthesis of biotinylated xanthurenic acid analog
 
5.7 Synthesis of clickable xanthurenic acid analog 
After the synthesis of biotinylated xanthurenic acid analog 5.45, we envisioned the synthesis of a 
clickable xanthurenic acid analog. This would allow the analog to be used in an assay and could 
be later appended with biotin or a fluorescein tag using click chemistry. The synthesis started 
with the protection of 5.20 using 4-methoxybenzyl bromide to afford 5.46. Reduction of the nitro 
group to the corresponding amine 5.47 was achieved by treating 5.46 with iron in acetic acid. 
Treatment of 5.47 with DMAD in methanol resulted in the formation of the corresponding aza-
Michael adduct 5.48 and its cycloacylation was achieved by heating it in toluene at 250 ºC 
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overnight to get 5.49. The 4-methoxybenzyl (PMB) ether was removed using trifluoroacetic acid 
in dichloromethane to get 5.50.  
Scheme 5.7a Synthesis of clickable xanthurenic acid analog 
 
Due to the instability of the PMB group in the next steps, the tert-butyldimethylsilyl ether (TBS) 
was chosen as the protecting group. Reaction of 5.50a with tert-butyldimethylsilyl chloride in 
acetonitrile afforded 5.51. Coupling 5.51 with 4-carboxyphenylboronic acid and tetrakis 
(triphenylphosphine) palladium (0) in dioxane/ethanol mixture at 140 ºC with 5.25 resulted in the 
formation of 5.52. Propargyl amine was coupled to 5.52 using EDC to get analog 5.53. Removal 
of the TBS groups using TBAF and saponification resulted in the formation of 5.54. The other 
clickable azide handle was synthesized by treating activated biotin ester 5.42 with 5.34. 
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Scheme 5.7b Synthesis of clickable xanthurenic acid analog 
 
5.8 Results and Discussion 
The exflagellation activity of the synthesized compounds was evaluated in two assays in the 
laboratory of Prof. Dennis Kyle, USF. The initial assay was conducted with a basic operating 
technique using a microscope slide and a cover slip. Variations from replicate to replicate due to 
inconsistent distribution of red blood cells was seen, so another technique using a 
hemocytometer was incorporated which reduced the variations from replicate to replicate. Prior 
to analyzing the compounds, effect of media control on exflagellation was established (Figure 
5.2).  
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Figure 5.2. Effects of media controls on exflagellation.  KD media (negative control without 
XA).  100 M xanthurenic acid in KD media (positive control).  100% Human serum (HS) is 
normally used to induce exflagellation for transmission studies. Values represents the average 
and SEM of exflagellation responses in 10 random fields of view at 40x magnification. 
The activities of the analogs 5.12, 5.07, 5.18b and 5.18c were confirmed in the assay. All the 
analogs generated an exflagellation response (Figure 5.3) in mature P. falciparum gametocytes 
in KD media in the absence of xanthurenic acid. However, the exflagellation response was lower 
compared to xanthurenic acid (Figure 5.4). Also, a trend could not be established properly 
between concentration of the analogs used and their corresponding exflagellation response in this 
assay. 
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Figure 5.3. Effects of different XA analogues on exflagellation to mature P. falciparum 
gametocytes in KD media (no XA present).  Values represents the average and SEM of 
exflagellation responses in 10 random fields of view at 40x magnification. 
 5.18b showed more exflagellation events with increasing concertation while 5.07 showed 
reduction in exflagellation events with increasing concentration.  
 
Figure 5.4: Effects of XA analogues on exflagellation to mature P. falciparum gametocytes in 
KD media. Values represent percentage response in comparison to 100 µM XA. 
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Figure 5.5: Values represent mean no. of exflagellation events per 4 small squares, N=4 
(hemocytometer)] percentage and SEM relative to respective negative control (PBS).  
Experiments were conducted by using the hemocytometer method.  Both replicates were 
conducted with the same culture (NF54) but on different days: A) values represent mean from 
each individual replicate and B) values represent mean of both replicates combined. 
The analog 5.40 (Figure 5.5) showed promising exflagellation activity in the assay 
(hemocytometer method) which was higher than xanthurenic acid. More results are awaited from 
the hemocytometer assay which will allow us to compare the activities of all the analogs 
synthesized.   
 
5.9 Experimental 
General experimental procedures: 
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Dimethyl 2-((2-nitrophenyl)amino)fumarate: To a solution of nitroaniline (3.00 g, 21.7 mmol) 
in methanol (150 mL) was added dimethyl acetylene dicarboxylate (2.68 mL, 21.7 mmol) and 
the reaction was stirred at rt for 12 h and was then heated at 150 °C for 4 h. The mixture was 
filtered through a celite pad and was washed with additional aliquots of methanol. Solvent was 
evaporated on rotary evaporator. Purification by flash column chromatography (hexanes/ethyl 
acetate 3:1) gave compound as dark yellow crystalline solid (69%). 1H NMR (400 MHz, CDCl3) 
δ 11.09 (s, 1H), 8.12 (d, J = 8.2 Hz, 1H), 7.44 (t, J = 7.7 Hz, 1H), 7.06 (t, J = 7.8 Hz, 1H), 6.74 
(d, J = 8.3 Hz, 1H), 5.81 (s, 1H), 3.79 (s, 1H), 3.72 (s, 1H) ppm. 13C NMR (101 MHz, CDCl3) 
167.9 , 164.3 , 143.4 , 138.0 , 136.8 (, 134.1 , 126.1 , 122.0 , 120.3 , 102.9 , 53.0 , 51.8. LRMS 
(ESI) m/z: [M + H]+ calc’d for C12H12N2O6 281.07, found 281.1. 
 
Methyl 8-nitro-4-oxo-1,4-dihydroquinoline-2-carboxylate: Solution of dimethyl 2-((2-
nitrophenyl) amino)fumarate (3.00 g, 10.7 mmol) in toluene (70 mL) was heated in a sealed 
reaction tube to 250 °C for 12 h. The mixture was filtered through a celite pad and was washed 
with methanol (10 mL). Solvent was evaporated on rotary evaporator. Purification by flash 
column chromatography (hexanes/ethyl acetate 2:1) gave compound as yellow solid which was 
crystalized using hot methanol (72%, BRSM).  1H NMR (500 MHz, CDCl3) δ 11.72 - 11.84 (m, 
1H), 8.69 - 8.78 (m, 2H), 7.48 (t, J = 8.0 Hz, 1H), 7.07 (d, J = 1.7 Hz, 1H), 4.09 (s, 3H) ppm.13C 
NMR (126 MHz, CDCl3) δ 177.8, 162.2, 137.3, 135.9, 135.2, 134.2, 131.1, 128.2, 122.7, 113.5, 
54.1 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C11H8N2O5 249.04, found 249.1.  
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8-amino-4-hydroxyquinoline-2-carboxylic acid: Solution of methyl 8-nitro-4-oxo-1,4-
dihydroquinoline-2-carboxylate (600 mg, 2.41 mmol) in methanol (15 mL) was purged with 
argon in a 50 mL round bottomed flask and 10% palladium on carbon (90.0 mg, 0.08 mmol) was 
added. The argon was evacuated under reduced pressure and the reaction was stirred under a 
balloon of hydrogen overnight. The mixture was filtered through celite, washed with an 
additional aliquot of methanol and concentrated on a rotary evaporator to give a yellow solid. 
Product was confirmed by LCMS and was taken for the next step without purification after 
evaporation of solvent under vacuum using rotary evaporator. Crude methyl 8-amino-4-
hydroxyquinoline-2-carboxylate (600 mg, 2.75 mmol) was dissolved in methanol and 1 molar 
NaOH (2.50 mL, 2.5 mmol) was added and the reaction was stirred at rt for 12 h. Solvent was 
evaporated on rotary evaporator. Purification by flash column chromatography 
(dichloromethane/methanol 8:2) gave compound as dark yellow solid (70%). 1H NMR (400 
MHz, CD3OD) δ 7.60 (dd, J = 8.2, 1.0 Hz, 1H), 7.13 (t, J = 7.8 Hz, 1H), 7.02 (dd, J = 7.5, 0.9 
Hz, 1H), 6.98 (s, 1H) ppm. 13C NMR (101 MHz, CD3OD) δ 179.2, 167.7, 146.9, 139.1, 131.9, 
126.2, 124.0, 115.6, 113.5, 107 ppm. HRMS m/z: [M - H]+ calc’d for C10H8N2O3 203.0457, 
found 203.0463. 
 
1-(benzyloxy)-2-nitrobenzene: To a mixture of 2- nitrophenol (4.00 g, 28 mmol) and potassium 
carbonate (4.77 g, 34.5 mmol) in acetonitrile (35 mL) was dropwise added a solution of benzyl 
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bromide (4.10 mL, 34.5 mmol) dissolved in acetonitrile (10 mL). The reaction was heated at 80 
°C and was left stirring for 4 h. The solvent was evaporated on rotary evaporator and the reaction 
mixture was dissolved in ethyl acetate and was extracted using water and ethyl acetate. The 
organic phase was washed with brine, dried over sodium sulfate, filtered and concentrated on the 
rotary evaporator to afford yellow solid which was purified using flash column chromatography 
(hexanes/ethyl acetate 2.5:1) to give 1-(benzyloxy)-2-nitrobenzene as light yellow solid (80 %) 
1H NMR (500 MHz, CDCl3) δ 7.85 (dd, 1H, J=1.6, 8.1 Hz), 7.4-7.5 (m, 3H), 7.3-7.4 (m, 3H), 
7.12 (d, 1H, J=8.4 Hz), 7.03 (t, 1H, J=7.7 Hz), 5.24 (s, 2H) ppm. 13C NMR (126 MHz, CDCl3) δ 
151.7, 140.3, 135.5, 134.0, 128.7, 128.2, 126.9, 125.7, 120.6, 115.1, 71.1ppm. LRMS (ESI) m/z: 
[M + H]+ calc’d for C13H11NO3 230.0, found 230.1. 
 
2-(benzyloxy)aniline: To a solution of 1-(benzyloxy)-2-nitrobenzene (2.50g, 10.9 mmol) in 
acetic acid (15 mL) was added iron (1.2 g, 21 mmol) and the reaction was stirred at 70 °C for 2 
h. The reaction mixture, diluted with methanol (10 mL) was filtered through celite, washed with 
an additional aliquot of methanol and was concentrated on a rotary evaporator to give dark 
brown oil. The mixture was extracted using ethyl acetate and water. The organic phase was dried 
over sodium sulfate, filtered and concentrated on the rotary evaporator. Purification by flash 
column chromatography (hexanes/ethyl acetate 1:1) gave 2-(benzyloxy) aniline as brown oil 
(55%). 1H NMR (500 MHz, CDCl3) δ 7.3-7.5 (m, 5H), 6.8-6.9 (m, 2H), 6.7-6.8 (m, 2H), 5.10 (s, 
2H), 3.83 (br s, 2H) ppm. 13C NMR (126 MHz, CDCl3) δ 146.5, 137.3, 136.4, 128.6, 128.0, 
127.6, 121.5, 118.4, 115.2, 112.1, 70.4 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C13H13NO 
200.1, found 200.2. 
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Dimethyl 2-((2-(benzyloxy)phenyl)amino)fumarate: Using conditions identical for the 
synthesis of dimethyl 2-((2-nitrophenyl)amino)fumarate described above, compound was 
obtained as dark yellow oil (65%). 1H NMR (400 MHz, CDCl3) δ 9.9 (s, 1H), 7.4 (m, 2H), 7.37 
(m, 2H), 7.33 (t, J = 7.2 Hz, 1H), 7.09 – 6.76 (m, 4H), 5.46 (s, 1H), 5.09 (s, 2H), 3.72 (s, 3H), 
3.64 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 13C NMR (101 MHz, CDCl3) δ 169.7, 164.7, 
149.6, 147.6, 136.7, 130.0, 128.5, 127.9, 127.1, 124.3, 121.1, 120.1, 113.1, 93.0, 70.5, 52.5, 51.0 
ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C19H19NO5 342.1, found 342.1. 
 
Methyl 8-(benzyloxy)-4-hydroxyquinoline-2-carboxylate: Using conditions identical for the 
synthesis of methyl 8-nitro-4-oxo-1,4-dihydroquinoline-2-carboxylate described above, 
compound was obtained as pale yellow solid (65%, BRSM).) 1H NMR (400 MHz, CDCl3) δ 9.41 
(s, 1H), 7.85 (d, J = 8.2 Hz, 1H), 7.45 – 7.31 (m, 5H), 7.20 (t, J = 8.0 Hz, 1H), 7.10 (d, J = 7.7 
Hz, 1H), 6.93 (s, 1H), 5.24 (s, 2H), 3.97 (s, 3H). 13C NMR (126 MHz, CDCl3) 179.2, 163.1, 
147.3, 135.5, 135.4, 130.5, 128.7, 128.5, 127.4, 127.0, 123.9, 117.5, 112.8, 111.7, 71.1, 53.7 . 
LRMS (ESI) m/z: [M + H]+ calc’d for C18H15NO4 310.1, found 310.1. 
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 Methyl-8-(benzyloxy)-4-(tosylimino)-1,4-dihydroquinoline-2-carboxylate: To a solution of 
methyl 8-(benzyloxy)-4-oxo-1,4-dihydroquinoline-2-carboxylate (600 mg, 1.94 mmol) in 
acetonitrile (50 mL) under argon atmosphere was dropwise added (4-methylbenzenesulfonyl 
isocyanate ( 0.32 mL, 2.1 mmol). The reaction was left for stirring at 80 °C for 6 h. The reaction 
mixture was concentrated on a rotary evaporator and was extracted using ethyl acetate and water. 
The organic phase was dried over sodium sulfate, filtered and concentrated on the rotary 
evaporator. Purification by flash column chromatography (hexanes/ethyl acetate 2:1) gave 
methyl 8-(benzyloxy)-4-(tosylimino)-1,4-dihydroquinoline-2-carboxylate as brown solid (68%). 
1H NMR ((500 MHz, CDCl3) δ 8.17 (s, 1H), 8.04 (d, 1H, J=8.3 Hz), 7.9-8.0 (m, 2H), 7.81 (dd, 
2H, J=8.4, 10.5 Hz), 7.4-7.4 (m, 4H), 7.2-7.3 (m, 6H), 7.0-7.2 (m, 2H), 5.29 (s, 2H), 4.84 (br s, 
2H), 4.04 (s, 3H), 2.39 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 162.4, 147.0, 145.1, 143.6, 
142.3, 140.2, 135.6, 135.1, 129.7, 129.2, 129.0, 128.8, 128.0, 127.5, 126.7, 126.4, 125.8, 124.6, 
118.0, 113.2, 106.7, 71.5, 54.1, 21.5 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C25H22N2O5S 
463.1, found 463.2. 
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4-amino-8-hydroxyquinoline-2-carboxylic acid: A solution of methyl 8-(benzyloxy)-4-
(tosylimino)-1,4-dihydroquinoline-2-carboxylate (700 mg, 1.5 mmol) in 90 % sulfuric acid (2 
mL) was heated at 80 °C for 2 h. The mixture was cooled down and diluted with water (2 mL). 
50% NaOH was added dropwise to neutralize the sulfuric acid. The mixture was extracted using 
ethyl acetate and the organic phase was dried over sodium sulfate, filtered and concentrated on 
the rotary evaporator. Purification by flash column chromatography (dichloromethane/methanol 
7:3) gave 4-amino-8-hydroxyquinoline-2-carboxylic acid as yellow green solid (58%). 1H NMR  
(500 MHz, CD3OD) δ 7.5-7.6 (m, 1H), 7.47 (t, 1H, J=8.0 Hz), 7.35 (s, 1H), 7.18 (d, 1H, J=7.6 
Hz) ppm. 13C NMR (101 MHz, CD3OD) δ 171.5, 158.9,158.8, 153.0, 136.7, 131.1, 127.5, 117.6, 
115.6, 109.1, 101.0 ppm. HRMS m/z: [M + H]+ Calc’d for C10H8N2O3 205.0613, found 
205.0625. 
 
Dimethyl 2-((2-bromophenyl)amino)fumarate: Using conditions identical for the synthesis of 
dimethyl 2-((2-nitrophenyl)amino)fumarate described above, compound was obtained as brown 
oil (67%). 1H NMR (400 MHz, CDCl3) δ 9.72 (br s, 1H), 7.53 (d, 1H, J=7.6 Hz), 7.15 (t, 1H, 
J=7.2 Hz), 6.9-6.9 (m, 1H), 6.73 (d, 1H, J=7.8 Hz), 5.52 (s, 1H), 3.73 (s, 3H), 3.67 (s, 3H) ppm. 
13C NMR (101 MHz, CDCl3) δ 169.5, 164.3, 146.4, 138.7, 133.0, 127.7, 124.9, 120.9, 115.6, 
96.0, 52.8, 51.4 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C12H12BrN2O4 313.9/315.9, found 
314.0/316.0. 
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Methyl 8-bromo-4-hydroxyquinoline-2-carboxylate: Using conditions identical for the 
synthesis of methyl 8-nitro-4-oxo-1,4-dihydroquinoline-2-carboxylate described above, 
compound was obtained as pale yellow solid (63%, BRSM). 1H NMR (400 MHz, CDCl3) δ 9.28 
(s, 1H), 8.22 (d, 1H, J=8.0 Hz), 7.82 (d, 1H, J=8.1 Hz), 7.19 (t, 1H, J=7.9 Hz), 6.90 (s, 1H), 4.01 
(s, 3H) ppm.13C NMR (101 MHz, CDCl3) δ 179.0, 162.8, 136.6, 136.3, 135.9, 127.4, 125.9, 
124.8, 112.1, 111.9, 53.9 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C11H8BrNO3 281.9/283.9, 
found 282.0/284.0. 
 
Methyl 4-(benzyloxy)-8-bromoquinoline-2-carboxylate: To a mixture of methyl 8-
(benzyloxy)-6-bromo-4-oxo-1,4-dihydroquinoline-2-carboxylate (1.00 g, 2.5 mmol)and 
potassium carbonate (0.42 g, 3.1 mmol) in acetonitrile (15 mL) was dropwise added a solution of 
benzyl bromide (0.36 mL, 3.1 mmol) dissolved in acetonitrile (10 mL). The reaction was heated 
at 80 °C and was left stirring for 4 h. The solvent was evaporated on rotary evaporator to afford 
thick brown oil. The reaction mixture was triturated with cold ethyl acetate (35 mL) and filtered 
to afford methyl 4,8-bis(benzyloxy)-6-bromoquinoline-2-carboxylate as white solid (80 %). 1H 
NMR (400 MHz, CDCl3) δ 8.25 (dd, 1H, J=1.0, 7.3 Hz), 8.08 (dd, 1H, J=1.1, 7.4 Hz), 7.72 (s, 
1H), 7.4-7.5 (m, 6H), 5.35 (s, 2H), 4.05 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3) δ 166.1, 
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162.7, 149.7, 145.7, 135.0, 134.4, 128.8, 128.7, 127.9, 127.8, 125.6, 123.7, 121.8, 101.8, 71.1, 
53.3 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C18H14BrNO3 372.0/374.0, found 372.0/373.9. 
 
 Methyl 4-(benzyloxy)-8-(phenylamino)quinoline-2-carboxylate: To a solution of methyl 4,8-
bis(benzyloxy)-6-bromoquinoline-2-carboxylate (200 mg, 0.530 mmol), cesium carbonate (350 
mg, 1.07 mmol), Pd(dba)2 (49.0 mg, 0.05 mmol) 4,5-Bis(diphenylphosphino)-9,9-dimethyl 
xanthene (62.0 mg, 0.10 mmol) in dioxane (5 mL) under argon atmosphere was added aniline (50 
µL, 0.54 mmol). The reaction was heated at 130 °C for 6 h in a sealed reaction tube. The mixture 
was cooled down to rt and was filtered through celite and was washed using additional aliquot of 
methanol. The mixture was transferred to a round bottomed flask, concentrated on a rotary 
evaporator and purified by flash column chromatography (dichloromethane/methanol 97:3) as 
light brown solid product which was used directly in the next step without further purification. 
LRMS (ESI) m/z: [M + H]+ calc’d for C24H20N2O3 385.1, found 385.1. 
 
 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid: Solution of methyl 8-(benzylamino)-
4-(benzyloxy)quinoline-2-carboxylate( 150 mg, 0.39 mmol) in methanol (5 mL) was purged with 
argon and 10% palladium on carbon (45.0 mg, 0.03 mmol) was added. The argon was evacuated 
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under reduced pressure and the reaction was stirred under a balloon of hydrogen overnight. The 
mixture was filtered through celite, washed with an additional aliquot of methanol and 
concentrated on a rotary evaporator. Product was confirmed by LCMS and was taken for the next 
step without purification after evaporation of solvent under vacuum using rotary evaporator. 
Crude methyl 4-hydroxy-8-(phenylamino)quinoline-2-carboxylate (100 mg, 0.34 mmol) was 
dissolved in methanol and 1 molar NaOH (1.0 mL, 1.0 mmol) was added and the reaction was 
stirred at rt for 12 h. Solvent was evaporated on rotary evaporator. Purification by flash column 
chromatography (dichloromethane/methanol/ 9:1) with 0.1% acetic acid gave compound as 
bright yellow solid (52%). 1H NMR (500 MHz, CD3OD) δ 7.98 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 
7.5 Hz, 1H), 7.41 – 7.29 (m, 1H), 7.21 (dd, J = 11.3, 4.5 Hz, 2H), 6.97 (s, 1H), 6.86 (dd, J = 
17.0, 8.0 Hz, 3H). 13C NMR (126 MHz, CD3OD) δ 181.0, 165.0, 145.3, 144.8, 134.4, 133.6, 
129.0, 126.1, 124.8, 124.0, 122.0, 120.0, 119.6, 116.2, 107.9 ppm. HRMS m/z: [M + H]+ Calc’d 
for C16H12N2O3 281.0926, found 281.0919. 
 
4-(benzyloxy)-8-(isopropylamino)quinoline-2-carboxylic acid: Using conditions identical for 
the synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, 
compound was obtained as brown solid (45%). 1H NMR (500 MHz, CD3OD) δ 7.60 (br d, 1H, 
J=8.2 Hz), 7.27 (t, 1H, J=7.9 Hz), 7.02 (br d, 1H, J=7.7 Hz), 3.73 (spt, 1H, J=12.5 Hz), 1.30 (d, 
6H, J=6.2 Hz) ppm. 13C NMR (126 MHz, CD3OD) δ 165.5, 144.6, 137.7, 130.5,125.8, 124.5, 
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113.9, 107.7, 44.4, 21.3 ppm. HRMS m/z: [M + H] + Calc’d for C13H14N2O3 247.1083, found 
247.1076. 
 
8-(cyclopentylamino)-4-hydroxyquinoline-2-carboxylic acid: Using conditions identical for 
the synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, 
compound was obtained as grey solid (41%).1H NMR (500 MHz, CD3OD) δ 7.59 (d, 1H, J=8.0 
Hz), 7.2-7.3 (m, 1H), 7.00 (d, 1H, J=7.6 Hz), 3.9-4.0 (m, 1H), 2.0-2.2 (m, 2H), 1.8-1.8 (m, 2H), 
1.6-1.7 (m, 4H) ppm. 13C NMR (126 MHz, CD3OD) δ 180.6, 165.8, 144.6, 138.2, 130.0, 125.7, 
124.6, 113.7, 112.6, 107.7, 54.7, 32.5, 24.0 ppm. HRMS m/z: [M + H] + Calc’d for C15H16N2O3 
273.1239, found 273.1237. 
 
8-(cyclohexylamino)-4-hydroxyquinoline-2-carboxylic acid: Using conditions identical for the 
synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, compound 
was obtained as brown solid (48%).1H NMR (500 MHz, DMSO-d6) 
1H NMR (DMSO-d6, 500 
MHz) δ 7.36 (d, 1H, J=7.9 Hz), 7.0-7.1 (m, 1H), 6.82 (br d, 1H, J=7.6 Hz), 6.49 (s, 1H), 6.11 (br 
d, 1H, J=6.0 Hz), 2.00 (br d, 2H, J=10.6 Hz), 1.74 (br d, 2H, J=12.2 Hz), 1.62 (br d, 1H, J=12.8 
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Hz), 1.30 (br s, 5H) ppm. 13C NMR (126 MHz, DMSO-d6) δ 178.6, 163.9, 146.4, 137.9, 130.0, 
126.7, 123.6, 112.8, 112.3, 107.6, 52.0, 32.6, 26.2, 25.2 ppm. HRMS m/z: [M + H]+ Calc’d for 
C16H18N2O3 287.1396, found 287.1393. 
 
8-((furan-2-ylmethyl)amino)-4-hydroxyquinoline-2-carboxylic acid: Using conditions 
identical for the synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described 
above, compound was obtained as dark brown solid (51%). 1H NMR (500 MHz, DMSO-d6) δ 
10.58 (br s, 1H), 7.56 (d, 1H, J=1.5 Hz), 7.37 (dd, 1H, J=1.0, 7.8 Hz), 7.05 (t, 1H, J=7.8 Hz), 
6.82 (d, 1H, J=6.8 Hz), 6.51 (br s, 1H), 6.3-6.4 (m, 2H), 4.45 (br s, 2H) ppm. 13C (126 MHz, 
DMSO-d6) δ 178.6, 163.5, 153.5, 146.6, 142.3, 138.6, 131.6, 126.6, 122.9, 119.8, 113.1, 111.7, 
110.8, 107.7, 40.5 ppm. HRMS m/z: [M + H]+ Calc’d for C15H13N2O4 285.0875, found 
285.0870. 
 
4-hydroxy-8-(phenethylamino)quinoline-2-carboxylic acid: Using conditions identical for the 
synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, compound 
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was obtained as pale white solid (56%).1H NMR (500 MHz, DMSO-d6) δ 7.39 (br d, 1H, J=7.7 
Hz), 7.3-7.3 (m, 3H), 7.20 (br d, 1H, J=6.4 Hz), 7.12 (br s, 1H), 6.83 (br d, 1H, J=7.2 Hz), 6.75 
(br s, 1H), 6.5-6.6 (m, 1H), 3.3-3.4 (m, (buried under H2O peak) 2H), 2.9-3.1 (m, 2H), 1.81 (br s, 
1H)ppm. 13C NMR (126 MHz, DMSO-d6) δ 179.0, 163.9, 140.4, 138.8, 129.3, 129.2, 129.0, 
129.0, 128.8, 126.5, 124.0, 124.0, 112.8, 111.2, 108.0, 45.8, 35.0 ppm. HRMS m/z: [M + H]+ 
Calc’d for C18H16N2O3 309.1239, found 309.1236. 
 
4-hydroxy-8-((2-methoxyethyl)amino)quinoline-2-carboxylic acid: Using conditions identical 
for the synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, 
compound was obtained as pale white solid (62%).  1H NMR (500 MHz, DMSO-d6) δ 10.40 (br 
s, 1H), 7.36 (d, 1H, J=7.9 Hz), 7.09 (t, 1H, J=7.9 Hz), 6.74 (br d, 1H, J=7.6 Hz), 6.62 (br s, 1H), 
6.54 (br s, 1H), 3.4-3.5 (m, 2H), 3.23 (s, 3H), 3.1-3.2 (m, 2H), 1.90 (quin, 2H, J=6.6 Hz) 
ppm.13C NMR (126 MHz, DMSO-d6,) δ 178.8, 163.5, 146.3, 139.1, 129.5, 126.6, 123.7, 112.7, 
110.8, 107.8, 70.4, 58.4, 41.1, 28.8 ppm. HRMS m/z: [M + H]+ Calc’d for C14H16N2O4 
277.1188, found 277.1186. 
 
5-bromo-2-nitrophenol: To a solution of 3-bromophenol (20.0 g, 116 mmol) in acetic acid ( 50 
mL) was added a mixture of  nitric acid (11 mL, 116 mmol) and acetic acid (30.00 mL, 524 
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mmol) dropwise at 35 °C and was left for stirring for 2 h. Reaction mixture was poured into cold 
ice water and the aqueous solution was then extracted three times with dichloromethane (100 
mL). The organic phase was dried over sodium sulfate, filtered and concentrated on the rotary 
evaporator and purified by flash column chromatography (hexanes/ethyl acetate 9:1) to give the 
product as yellow solid (30%). 1H NMR (500 MHz, CDCl3) δ 10.61 (s, 1H), 7.97 (d, 1H, J=9.0 
Hz), 7.37 (d, 1H, J=2.0 Hz), 7.13 (dd, 1H, J=2.0, 9.1 Hz) ppm.13C NMR (126 MHz, CDCl3) δ 
155.2, 132.7, 132.3, 126.1, 123.9, 123.0 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C6H4BrNO3 
217.9/219.9, found 218.0/220.0. 
 
 
2-(benzyloxy)-4-bromo-1-nitrobenzene: To a mixture of 5-bromo-2-nitrophenol (4.00 g, 18 
mmol) and potassium carbonate (3.04 g, 22.0 mmol) in acetonitrile (15 mL) was dropwise added 
a solution of benzyl bromide (0.36 mL, 3.1 mmol) dissolved in acetonitrile (10 mL). The 
reaction was heated at 80 °C and was left for stirring for 4 h. The solvent was evaporated on 
rotary evaporator and was extracted using ethyl acetate and water. The organic phase was dried 
over sodium sulfate, filtered and concentrated on the rotary evaporator. Purification by flash 
column chromatography (hexanes/ethyl acetate 7:3) gave 2-(benzyloxy)-4-bromoaniline as light 
yellow solid (71%).1H NMR (500 MHz, CDCl3) δ 7.76 (d, 1H, J=8.7 Hz), 7.3-7.5 (m, 5H), 7.30 
(d, 1H, J=1.7 Hz), 7.2-7.2 (m, 1H), 5.22 (s, 2H) ppm. 13C NMR (126 MHz, CDCl3) δ 152.5, 
138.9, 134.8, 128.8, 128.5, 128.3, 127.0, 126.9, 123.6, 118.5, 71.5 ppm. LRMS (ESI) m/z: [M + 
H]+ calc’d for C13H10BrNO3 307.9/309.9, found 308.0/310.0. 
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2-(benzyloxy)-4-bromoaniline: To a solution of 1-(benzyloxy)-2-nitrobenzene (5.00 g, 16.0 
mmol) in acetic acid (30 mL) was added iron (3.62 g, 65.0 mmol) and the reaction was stirred at 
70 °C for 2 h. The reaction mixture, diluted with methanol (15 mL), filtered through celite, 
washed with an additional aliquot of methanol and was concentrated on a rotary evaporator to 
give dark brown oil. The mixture was extracted using ethyl acetate and water. The organic phase 
was dried over sodium sulfate, filtered and concentrated on the rotary evaporator. Purification by 
flash column chromatography (hexanes/ethyl acetate 1:1) gave 2-(benzyloxy) aniline as brown 
oil (55%). 1H NMR (500 MHz, CDCl3) δ 7.4-7.4 (m, 5H), 6.98 (d, 1H, J=1.5 Hz), 6.92 (dd, 1H, 
J=1.5, 8.1 Hz), 6.60 (br d, 1H, J=8.3 Hz), 5.05 (s, 2H), 3.77 (br s, 2H) ppm. 13C (500 MHz, 
CDCl3) δ 147.0, 136.4, 135.5, 128.6, 128.2, 127.7, 124.1, 115.9, 115.2, 109.4, 70.7 ppm. LRMS 
(ESI) m/z: [M + H]+ calc’d for C13H12BrNO4 278.0/280.0, found 278.0/280.0. 
 
Dimethyl-3-((2-(benzyloxy)-4-bromophenyl)amino)pent-2-enedioate: Using conditions 
identical for the synthesis of dimethyl 2-((2-nitrophenyl)amino)fumarate described above, 
compound was obtained as dark yellow solid (73%).1H NMR (400 MHz, CDCl3) δ 9.64 (s, 1H), 
7.3-7.4 (m, 6H), 7.04 (s, 1H), 6.9-7.0 (m, 1H), 6.63 (d, 1H, J=7.9 Hz), 5.43 (s, 1H), 5.08 (s, 2H), 
3.71 (s, 3H), 3.66 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3) δ 169.6, 164.4, 150.2, 146.9, 135.8, 
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129.3, 128.5, 128.2, 128.1, 127.1, 123.9, 121.1, 116.4, 94.0, 70.9, 52.6, 51.2 ppm. LRMS (ESI) 
m/z: [M + H]+ calc’d for C19H18BrNO5 420.0/422.0, found 419.9/422.0. 
 
Methyl 8-(benzyloxy)-6-bromo-4-hydroxyquinoline-2-carboxylate: Using conditions 
identical for the synthesis of methyl 8-nitro-4-oxo-1,4-dihydroquinoline-2-carboxylate described 
above, compound was obtained as pale yellow solid (62%, BRSM). 1H NMR (400 MHz, CDCl3) 
δ 9.32 (s, 1H), 8.04 (d, 1H, J=1.6 Hz), 7.4-7.5 (m, 5H), 7.23 (d, 1H, J=1.8 Hz), 6.9-7.0 (m, 1H), 
5.24 (s, 2H), 4.00 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3) δ 177.8, 163.0, 148.0, 135.6, 134.8, 
129.6, 128.9, 127.9, 127.7, 127.6, 120.4, 120.3, 117.5, 116.4, 116.3, 112.3, 71.7, 53.8 ppm. 
LRMS (ESI) m/z: [M + H]+ calc’d for C18H14BrNO4 388.0.0/390.0, found 387.9.9/390.0. 
 
Methyl 4,8-bis(benzyloxy)-6-bromoquinoline-2-carboxylate: Using conditions identical for 
the synthesis of methyl 8-bromo-4-hydroxyquinoline-2-carboxylate described above, compound 
was obtained as pale white solid (73%, BRSM). 1H NMR (500 MHz, CDCl3) δ 7.99 (d, 2H, 
J=1.8 Hz), 7.73 (s, 1H), 7.3-7.6 (m, 10H), 7.22 (d, 1H, J=1.8 Hz), 5.38 (s, 2H), 5.34 (s, 2H), 4.03 
(s, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ 166.1, 161.3, 155.6, 148.0, 139.8, 135.9, 135.0, 
128.9, 128.7, 128.6, 128.1, 127.9, 127.4, 124.3, 122.1, 116.5, 115.1, 102.5, 71.5, 71.0, 53.1 ppm. 
LRMS (ESI) m/z: [M + H]+ calc’d for C25H20BrNO4 478.0/480.0, found 478.0/480.0. 
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Methyl 4,8-bis(benzyloxy)-6-phenylquinoline-2-carboxylate: To the mixture of methyl 4,8-
bis(benzyloxy)-6-bromoquinoline-2-carboxylate (200 mg, 0.41 mmol) Pd(PPh3) (48 mg, 0.10 
mmol), potassium carbonate ( 57.8 mg, 0.4 mmol), catalytic amount of TBAB in dioxane (10 
mL) was added phenyl boronic acid ( 50 mg, 0.41 mmol). The reaction mixture was purged with 
argon and was heated at 120 °C for 8 h in a sealed reaction tube. The mixture was cooled down 
to rt and was filtered through celite and was washed using additional aliquot of methanol. The 
mixture was transferred to a round bottomed flask, concentrated on a rotary evaporator and 
partially purified by flash column chromatography (hexanes/ethyl acetate 1:1) to afford methyl 
4,8-bis(benzyloxy)-6-phenylquinoline-2-carboxylate (72 %). LRMS (ESI) m/z: [M + H]+ calc’d 
for C31H25NO4 476.1, found 476.2. 
 
4,8-dihydroxy-6-(phenylamino)quinoline-2-carboxylic acid: Using conditions identical for the 
synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, compound 
was obtained as pale white solid (54%, BRSM). HRMS m/z: [M + H] + Calc’d for C16H12NO4 
282.0766, found 282.0758. 
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4,8-dihydroxy-6-(phenylamino)quinoline-2-carboxylic acid: Using conditions identical for the 
synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, compound 
was obtained as dark brown solid (68 %).1H NMR (500 MHz, CD3OD)  δ 7.8-7.8 (m, 1H), 7.5-
7.6 (m, 1H), 7.4-7.4 (m, 1H), 7.3-7.3 (m, 2H), 7.2-7.2 (m, 1H), 7.1-7.1 (m, 2H), 6.9-7.0 (m, 1H) 
ppm. 13C NMR (126 MHz, CD3OD).HRMS m/z: [M + H]
 + Calc’d for C16H12N2O4 297.0875, 
found 297.0870 
 
4-(4,8-bis(benzyloxy)-2-(methoxycarbonyl)quinolin-6-yl)benzoic acid: To the mixture of 
methyl 4,8-bis(benzyloxy)-6-bromoquinoline-2-carboxylate (200 mg, 0.41 mmol), Pd(OAc)2 
(21.1 mg, 0.09 mmol), triphenylphosphine ( 41.1 mg, 0.3 mmol) in DMSO (5 mL) was added 4-
boronobenzoic acid ( 87 mg, 0.51 mmol). The reaction mixture was purged with argon and was 
heated at 130 °C for 8 h in a sealed reaction tube. The mixture was cooled down to rt and was 
filtered through celite and was washed using additional aliquot of methanol. The mixture was 
transferred to a round bottomed flask, concentrated on a rotary evaporator and partially purified 
by flash column chromatography (hexanes/ethyl acetate 1:1) to give the crude title compound 
(40 %). LRMS (ESI) m/z: [M + H]+ calc’d for C32H25NO6 520.1, found 520.1. 
 115 
 
 
6-(4-carboxyphenyl)-4,8-dihydroxyquinoline-2-carboxylic acid: Using conditions identical 
for the synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid described above, 
compound was obtained as greenish yellow solid (58 %). HRMS m/z: [M + H] + Calc’d for 
C17H11NO6 326.0665, found 326.0656. 
 
1-azido-2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethane: To a stirred mixture of tetra ethylene 
glycol (3.00 g, 15.4 mmol) and triethyl amine (6.75 mL, 46.3 mmol) in dichloromethane (35 mL) 
was added a solution of methane sulfonyl chloride (3.61 mL, 0.41 mmol) in dichloromethane (10 
mL) dropwise at 0 °C for 2 h. Reaction mixture was stirred for additional 2 h at room 
temperature and was washed with 1 N hydrochloric acid (25 mL) and brine (50 mL). The organic 
phase was dried over sodium sulfate, filtered and concentrated on the rotary evaporator. The 
colorless oil was redissolved in dimethylformamide (38 mL) and sodium azide (5.02 g, 77 mmol) 
was added and the reaction mixture was left to stir at 70 °C for 12 h. The mixture was 
concentrated on a rotary evaporator and diethyl ether (30 mL) was added and was filtered 
through celite. The filtrate was washed with lithium chloride (40 mL), dried over sodium sulfate, 
filtered and concentrated on the rotary evaporator. Purification by flash column chromatography 
(dichloromethane/methanol 98:2) gave 1-azido-2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethane as 
colorless oil (68%). 1H NMR (500 MHz, CDCl3) δ 3.6-3.7 (m, 12H), 3.37 (t, 4H, J=5.1 Hz) ppm. 
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13C NMR (126 MHz, CDCl3) δ 70.7, 70.0, 50.7 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for 
C8H16N6O3 245.1, found 245.1. 
 
2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine: To a stirred solution of 1-azido-2-(2-(2-
(2-azidoethoxy)ethoxy)ethoxy)ethane (2.0 g, 8.1 mmol) in 1 N hydrochloric acid ( 10 mL) was 
added a solution of triphenylphosphine (2.1 g, 8.1 mmol) in diethyl ether (20 mL) dropwise. The 
reaction was allowed to stir at rt for 24 h and was then extracted using ethyl acetate (50 mL) and 
brine (30 mL). The pH of aqueous phase was adjusted to basic by adding potassium hydroxide 
dropwise and was then extracted using dichloromethane (70 mL). The organic was dried over 
sodium sulfate, filtered and concentrated on the rotary evaporator and purified by flash column 
chromatography (dichloromethane/methanol 95:5) to give the title compound as colorless oil (52 
%). 1H NMR (500 MHz, CDCl3) δ 4.2-4.3 (m, 4H), 3.6-3.7 (m, 3H), 2.9-3.0 (m, 6H), 2.5-2.7 (m, 
4H), 2.0-2.1 (m, 2H) ppm. 13C NMR (126 MHz, CDCl3) δ 78.9, 71.0, 67.2, 52.6, 37.5, 19.6 ppm. 
LRMS (ESI) m/z: [M + H]+ calc’d for C8H18N4O3 219.1, found 219.1. 
 
N-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)-4-bromobenzamide: To a stirred solution of 
2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (2.0 g, 9.1 mmol), DIPEA (4.79 mL, 27.5 
mmol) and HATU (6.79 g, 18.3 mmol) in DMF (25 mL) under argon atmosphere was added 4-
bromobenzoic acid(2.0 g, 10 mmol) and the reaction was left to stir at 50 °C for 3 h. The reaction 
mixture was diluted with water and was extracted four times using ethyl acetate (30 mL) and 
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brine (20 mL). The organic was dried over sodium sulfate, filtered and concentrated on the rotary 
evaporator and purified by flash column chromatography (hexanes/ethyl acetate 1:1) to give the 
title compound (75%). 1H NMR (400 MHz, CD3OD) δ 7.72 (d, 2H, J=8.4 Hz), 7.60 (d, 2H, 
J=8.5 Hz), 3.6-3.7 (m, 14H), 3.5-3.6 (m, 2H) ppm. 13C NMR (101 MHz, CD3OD) δ 167.8, 
133.3, 131.3, 128.8, 125.6, 70.2, 70.0, 69.9, 69.6, 69.1, 50.3, 39.7 ppm. LRMS (ESI) m/z: [M + 
H]+ calc’d for C15H21BrN4O4 401.0/403.0, found 400.9/403.0. 
 
N-(2-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)ethyl)-4-bromobenzamide: Using conditions 
identical for the synthesis of 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine described 
above, compound was obtained (55%). 1H NMR (500 MHz, CD3OD) δ 7.75 (d, 2H, J=8.6 Hz), 
7.63 (d, 2H, J=8.6 Hz), 3.6-3.7 (m, 12H), 3.5-3.6 (m, 2H), 3.0-3.1 (m, 2H) ppm. 13C NMR (126 
MHz, CD3OD) δ 167.8, 133.2, 131.4, 128.8, 125.7, 70.1, 70.0, 69.8, 69.7, 69.1, 66.3, 39.4, 39.2 
ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C15H23BrN2O4 375.1/377.1, found 375.0/377.0. 
 
4-bromo-N-(2-oxo-6,9,12-trioxa-3-azatetradecan-14-yl)benzamide: To a stirred solution of N-
(2-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)ethyl)-4-bromobenzamide (250 mg, 0.66 mmol) and 
DIPEA (0.14 mL, 0.80 mmol) in dichloromethane (10 mL) was added acetyl chloride (0.048 mL, 
9.1 mmol) and the reaction was left to stir at rt for 5h. The reaction mixture was diluted with 
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water and was extracted using dichloromethane (30 mL) and brine (20 mL). The organic was 
dried over sodium sulfate, filtered and concentrated on the rotary evaporator and purified by 
flash column chromatography (hexanes/ethyl acetate 2:1) to give the title compound (80%). 1H 
NMR (500 MHz, CD3OD) δ 7.74 (d, 2H, J=8.4 Hz), 7.62 (d, 2H, J=8.4 Hz), 3.6-3.8 (m, 9H), 
3.5-3.6 (m, 4H), 3.5-3.5 (m, 2H), 3.2-3.3 (m, 1H), 1.92 (s, 3H) ppm. 13C NMR (126 MHz, 
CD3OD) δ 172.1, 167.8, 133.3, 131.3, 128.8, 128.5, 127.3, 126.6, 125.6, 70.1, 69.9, 69.8, 69.1, 
69.0, 39.5, 39.0, 20.9 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C17H25BrN2O5 417.1/419.1, 
found 417.0/419.0. 
 
Methyl-4,8-bis(benzyloxy)-6-(4-((2-oxo-6,9,12-trioxa-3-azatetradecan-14-yl)carbamoyl) 
phenyl)quinoline-2-carboxylate: To the mixture of 4-bromo-N-(2-oxo-6,9,12-trioxa-3-
azatetradecan-14-yl)benzamide (300 mg, 0.71 mmol), Pd(PPh3) (83.0 mg, 0.07 mmol), 
potassium carbonate ( 109 mg, 0.79 mmol) and catalytic amount of TBAB in dioxane (10 mL) 
was added methyl4,8-bis(benzyloxy)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)quinoline-
2-carboxylate( 50 mg, 0.4 mmol). The reaction mixture was purged with argon and was heated at 
150 °C for 8 h in a sealed reaction tube. The mixture was cooled down to rt and was filtered 
through celite and was washed using additional aliquot of methanol. The mixture was transferred 
to a round bottomed flask, concentrated on a rotary evaporator and purified by flash column 
chromatography (hexanes/ethyl acetate 1:2) to afford methyl-4,8-bis(benzyloxy)-6-(4-((2-oxo-
6,9,12-trioxa-3-azatetradecan-14-yl)carbamoyl) phenyl)quinoline-2-carboxylate (66 %).  1H 
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NMR (500 MHz, CD3OD) δ 7.90 (d, 1H, J=1.4 Hz), 7.87 (d, 2H, J=8.3 Hz), 7.66 (d, 2H, J=8.3 
Hz), 7.62 (s, 1H), 7.59 (br d, 2H, J=7.3 Hz), 7.51 (br d, 2H, J=7.2 Hz), 7.3-7.4 (m, 7H), 5.42 (s, 
3H), 5.35 (s, 2H), 3.97 (s, 3H), 3.5-3.7 (m, 13H), 3.5-3.7 (m, 14H), 3.4-3.5 (m, 2H), 1.88 (s, 3H) 
ppm. 13C NMR (126 MHz, CD3OD) δ 171.8, 168.3, 165.7, 162.4, 155.0, 147.8, 143.1, 140.0, 
139.4, 136.8, 135.6, 133.6, 128.4, 128.2, 128.1, 127.6, 127.5, 127.5, 126.9, 123.3, 111.2, 110.7, 
101.9, 70.7, 70.6, 70.2, 69.9, 69.8, 69.1, 69.1, 51.9, 39.6, 39.0, 20.9 ppm. LRMS (ESI) m/z: [M + 
H]+ calc’d for C42H45N3O9 736.3, found 736.2. 
 
4,8-dihydroxy-6-(4-((2-oxo-6,9,12-trioxa-3-azatetradecan-14-yl)carbamoyl)phenyl)quinolin 
e -2-carboxylic acid: Using conditions identical for the synthesis of 4-hydroxy-8-
(phenylamino)quinoline-2-carboxylic acid described above, compound was obtained as waxy 
solid (53 %).  1H NMR (500 MHz, CD3OD) δ 8.1-8.1 (m, 1H), 7.97 (br d, 2H, J=7.9 Hz), 7.82 
(br d, 2H, J=7.9 Hz), 7.70 (s, 1H), 7.6-7.6 (m, 1H), 3.6-3.7 (m, 12H), 3.51 (br t, 2H, J=5.3 Hz), 
3.3-3.4 (m, 3H), 1.9-2.0 (m, 3H) ppm. 13C NMR (126 MHz, CD3OD) δ 172.9, 172.3, 168.1, 
160.9, 148.5, 141.9, 141.7, 140.8, 134.1, 130.5, 127.9, 127.1, 123.0, 115.3, 111.2, 105.8, 70.1, 
69.9, 69.8, 69.2, 69.0, 39.6, 39.2, 20.9 ppm. HRMS m/z: [M + H] + Calc’d for C27H31N3O9 
542.2139 found 542.2131. 
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2,5-dioxopyrrolidin-1-yl-5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-
yl)pentanoate: To a stirred mixture of D-biotin (10.0 g, 41 mmol), N-hydroxysuccinimide (6.59 
g, 57.3 mmol) and triethyl amine (6.28 mL, 45 mmol) in DMF ( 70 mL) was added 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (9.42 g, 49.1 mmol) and stirred at rt for 7 h. The reaction 
mixture was diluted with water (100 mL) and the precipitate was collected using vacuum 
filtration to afford 2,5-dioxopyrrolidin-1-yl-5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-
d]imidazol-4-yl)pentanoate as white solid (72 %). 1H NMR (500 MHz, DMSO-d6) δ 6.42 (s, 
1H), 6.36 (s, 1H), 4.2-4.4 (m, 1H), 4.1-4.2 (m, 1H), 3.1-3.1 (m, 1H), 2.9-2.9 (m, 1H), 2.9-2.9 (m, 
2H), 2.8-2.8 (m, 3H), 2.8-2.8 (m, 4H), 2.7-2.7 (m, 2H), 2.66 (t, 2H, J=7.4 Hz), 1.6-1.7 (m, 3H), 
1.3-1.5 (m, 3H) ppm.13C NMR (126 MHz ,DMSO-d6) δ 170.7, 169.4, 163.1, 162.7, 61.4, 59.6, 
55.7, 40.4, 36.2, 31.2, 30.4, 28.3, 28.0, 25.9, 24.8 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for 
C14H19N3O5S 341.1, found 341.0. 
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4-bromo-N-(13-oxo-17-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-3,6,9-
trioxa-12-azaheptadecyl)benzamide: Using conditions identical for the synthesis of 2,5-
dioxopyrrolidin-1-yl-5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl) 
pentanoate described above, compound was obtained as waxy solid (52%). 1H NMR (500 MHz, 
CD3OD) δ 8.57 (br s, 1H), 7.99 (br s, 1H), 7.76 (br d, 2H, J=8.4 Hz), 7.62 (br d, 1H, J=8.3 Hz), 
6.5-6.6 (m, 1H), 6.46 (br s, 1H), 4.5-4.5 (m, 1H), 4.2-4.3 (m, 1H), 3.5-3.7 (m, 10H), 3.5-3.5 (m, 
2H), 3.2-3.2 (m, 4H), 2.9-3.0 (m, 1H), 2.7-2.7 (m, 1H), 2.4-2.6 (m, 1H), 2.2-2.2 (m, 2H), 1.5-1.8 
(m, 4H), 1.4-1.5 (m, 2H) ppm.13C NMR (126 MHz, CD3OD) δ 174.5, 167.4, 164.5, 133.3, 131.4, 
129.0, 125.7, 70.2, 69.9, 69.8, 69.2, 69.0, 62.0, 60.2, 55.7, 48.6, 39.8, 39.6, 38.9, 35.4, 28.4, 28.2, 
25.4 ppm. LRMS (ESI) m/z: [M + H]+ calc’d for C25H37BrN4O6S 601.1, found 601.1. 
 
Methyl-4,8-bis(benzyloxy)-6-(4-((13-oxo-17-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-
d]imidazol-4-yl)-3,6,9-trioxa-12-azaheptadecyl)carbamoyl)phenyl)quinoline-2-carboxylate: 
Using conditions identical for the synthesis of methyl-4,8-bis(benzyloxy)-6-(4-((2-oxo-6,9,12-
trioxa-3-azatetradecan-14-yl)carbamoyl) phenyl)quinoline-2-carboxylate described above, 
compound was obtained as waxy solid (60%) and was used as crude in the next step. LRMS 
(ESI) m/z: [M + H]+ calc’d for C50H57N5O10S 920.3, found 920.2.  
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4,8-dihydroxy-6-(4-((13-oxo-17-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-
yl)-3,6,9-trioxa-12-azaheptadecyl)carbamoyl)phenyl)quinoline-2-carboxylic acid: Using 
conditions identical for the synthesis of 4-hydroxy-8-(phenylamino)quinoline-2-carboxylic acid 
described above, compound was obtained as waxy solid (54%). 1H NMR (500 MHz, DMSO-d6) 
δ 11.9-12.1 (m, 1H), 11.36 (br s, 1H), 9.95 (br s, 1H), 8.59 (br s, 1H), 7.96 (br d, 2H, J=8.1 Hz), 
7.8-7.8 (m, 2H), 7.7-7.8 (m, 1H), 7.48 (d, 1H, J=1.4 Hz), 6.6-6.7 (m, 1H), 6.4-6.4 (m, 1H), 6.3-
6.4 (m, 1H), 4.2-4.3 (m, 1H), 4.1-4.1 (m, 1H), 3.9-4.0 (m, 2H), 3.4-3.6 (m, 12H), 3.4-3.6 (m, 
13H), 3.16 (q, 2H, J=5.7 Hz), 3.0-3.1 (m, 1H), 2.7-2.8 (m, 1H), 2.5-2.6 (m, 1H), 2.0-2.1 (m, 2H), 
1.2-1.6 (m, 6H) ppm. 13C NMR (126 MHz, DMSO-d6) δ 178.0, 172.6, 166.3, 163.2, 162.9, 
148.0, 142.4, 137.3, 135.8, 133.8, 130.1, 128.5, 127.4, 126.9, 114.5, 113.1, 110.5, 70.2, 70.1, 
70.0, 69.6, 69.3, 61.5, 59.6, 55.8, 54.1, 38.9, 35.5, 28.6, 28.5, 25.7. LRMS (ESI) m/z: [M + H]+ 
calc’d for C50H57N5O10S 726.2, found 726.2.  
5.9 References 
1. Sinden, R. E., Malaria, sexual development and transmission: retrospect and prospect. 
Parasitology 2009, 136, 1427-34. 
2. Sinden, R. E.; Butcher, G. A.; Billker, O.; Fleck, S. L., Regulation of infectivity of 
Plasmodium to the mosquito vector. Adv. Parasitol. 1996, 38, 53-117. 
 123 
 
3. McRobert, L.; Taylor, C. J.; Deng, W.; Fivelman, Q. L.; Cummings, R. M.; Polley, S. D.; 
Billker, O.; Baker, D. A., Gametogenesis in malaria parasites is mediated by the cGMP-
dependent protein kinase. PLoS Biol. 2008, 6, e139. 
4. Garcia, G. E.; Wirtz, R. A.; Barr, J. R.; Woolfitt, A.; Rosenberg, R. Xanthurenic acid induces 
gametogenesis in Plasmodium, the malaria parasite. J. Biol. Chem. 1998, 273, 12003-5. 
5. Billker, O.; Lindo, V.; Panico, M.; Etienne, A. E.; Paxton, T.; Dell, A.; Rogers, M.; Sinden, R. 
E.; Morris, H. R. Identification of xanthurenic acid as the putative inducer of malaria 
development in the mosquito. Nature 1998, 392, 289-92. 
6. Schmitt, M.; Klotz, E.; Macher, J. P.; Bourguignon, J. J. Compositions derived from quinoline 
and quinoxaline, preparation and use thereof. WO2003010146 A1, 2003. 
7. Peet, N. P.; Baugh, L. E.; Sunder, S.; Lewis, J. E. Synthesis and Antiallergic Activity of Some 
Quinolinones and Imidazoquinolinones. J. Med. Chem. 1985, 28, 298-302. 
8. Kozic, J.; Novotná, E.; Volková, M.; Stolaríková, J.; Trejtnar, F.; Wsól, V.; Vinsová, J. 
Synthesis and in vitro antimycobacterial and isocitrate lyase inhibition properties of novel 2-
methoxy-20-hydroxybenzanilides, their thioxo analogues and benzoxazoles. Eur. J. Med. Chem. 
2012, 56, 108-119. 
9. Cai, Z. R.; Du, Z.; Ji, M.; Jin, H.; Kim, C. U.; Li, J.; Phillips, B. W.; Pyun, H.-j.; Saugier, J. H. 
Amino Quinoline Derivatives Inhibitors of Hcv. WO/2013/090929, 2013. 
10. Walton, J. G. A.; Chankeshwara, S. V.; Bradley, M. Ubiquitination Modulators 
WO/2011/135303, 2011. 
11. Goswami, L. N.; Houston, Z. H.; Sarma, S. J.; Jalisatgi, S. S.; Hawthorne, M. F. Efficient 
synthesis of diverse heterobifunctionalized clickable oligo(ethylene glycol) linkers: potential 
 124 
 
applications in bioconjugation and targeted drug delivery. Org. Biomol. Chem. 2013, 11, 1116-
26 
12. Grotzfeld, R. M.; Milanov, Z. V.; Patel, H. K.; Lai, A. G.; Mehta, S. A.; Lockhart, D. J. 
Conjugated Small Molecules. US2005/0153371A1, 2005. 
 
 
 
 
 
 
 
 
 125 
 
 
Appendix A 
 Biological Activity 
All assay data were obtained using 96-well plates with control compounds to ensure proper assay 
behavior. Data are reported as a mean (N = 3), with variability typically of less than +/- 10%. 
Radicicol and miltefosine were both obtained from Sigma-Aldrich and were used as obtained. 
 
L. donovani axenic amastigotes assay 
L. donovani axenic amastigotes were seeded at a concentration of 106 parasites/mL in 96-well 
plates in the presence or absence of compounds of interest. Plates were incubated at 37 °C for 72 
hr, and then the commercially available Cell Titer reagent (a water-soluble tetrazolium dye from 
Promega) was added. After a 3-4 h incubation period to allow for reduction of the dye, 
converting it from yellow to purple, the absorbance of each well was measured at 490 nm using a 
Spectra Max Plus microplate reader (Molecular Devices). IC50 values were determined with the 
aid of a four-parameter, logistic dose response equation in the Data Aspects Plate Manager 
software. 
 
High Content Screen with Infected Macrophage 
J774 cells were seeded into black 384 well plates with an optically clear bottom and then axenic 
amastigotes were added at MOI 10:1 to establish infections. The plate wells were then washed 
with media to remove extracellular amastigotes and the plates were incubated at 37oC overnight. 
Serial dilutions of compound were prepared in a separate mother plate and then added to the test 
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plate containing J774 macrophages infected with L. donovani. After 72 hr media was removed, 
the cells were fixed with 2% paraformaldehyde and then stained with 5 μM Draq5 (diluted in 
PBS) for 5 min. Following another plate wash, high content imaging analysis on a Perkin Elmer 
Operetta was used to capture 6 images (100x) for each well. The images were analyzed with 
Harmony software (Perkin Elmer) to determine the number of amastigotes per macrophage and 
the data were fit to 4-parameter logistic dose response to calculate IC50s. Image analysis was 
based upon the different sizes of the Draq5 stained nuclei of J774 and amastigotes. 
 
Cytotoxicity Assay 
Compounds were tested against J774.A1 macrophages using the CellTiter 96 Aqueous one 
solution cell proliferation assay (Promega, Madison, WI). In a 96 well drug plate compounds 
were diluted in a series of 6 2-fold dilutions in media to produce a concentration range from 500 
μg/mL to 15.625 μg/mL. 10 μL from each well was transferred to another 96 well plate (Tissue 
culture Treated plate) and 90 μL of macrophages in media in a 50,000 cell per well concentration 
was added to produce a final concentration range from 50 μg/mL to 1.562 μg/mL. The plates 
were then incubated at 37 °C, 5% CO2 for 72 hrs. Twenty μL of 3-(4,5-dimethylthiazol-2-yl)-5(3 
carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium (MTS: Promega, Madison, WI) 
solution was added to each well and incubated for an additional 4 hours. A Spectra Max M2e 
(molecular Devices, Sunnyvale, Ca) was used to measure optical density (OD) at 490 nm. 
Nonlinear regression via Trifox software was used to determine IC50 values. 
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Hsp90 Assay 
The Hsp90 fluorescence polarization assay was run by Hardik Patel in the laboratory of 
Professor Gabriela Chiosis using the protocol described in their manuscript (Kim, J.; Felts, S.; 
Llauger, L.; He, H.; Huezo, H.; Rosen, N.; Chiosis, G. Development of a fluorescence 
polarization assay for the molecular chaperone Hsp90. J. Biomol. Screening 2004, 9, 375-381) 
and using their standard compound PU-H71 as a control compound. Those data are presented 
below.  
 
Solubility Data 
The kinetic solubility of compound 18 was obtained by Sean Wu of Quintara Biosciences using a 
DMSO stock solution and diluting the material into PBS buffer (pH 7.4). Those data are shown 
as follows: 
       
  Compound 
      
         Final 
      [DMSO] 
            KSOL (μM) 
         PBS (pH 7.4) 
Value Mean 
 
  Amiodarone 
 
  
              5% 
  
  < 3  
 
   < 3   < 3 
 
  Testosterone 
 
             5% 
405.8 
 
411.3 
 
416.7 
 
 
 
      2.21a 
 
              5% 
492.0 
 
 
493.5 
492.8 
495.3 
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Exflagellation assay 
 
From the bottom of a mature P. falciparum NF54 gametocyte culture, 1.0 mL samples were 
incubated at 37°C for 48 h in an atmosphere of 5% CO2, 5% O2, 90% N2 in 1.5 mL microfuge 
tubes until the start of the assay. After the incubation period, 200 µL of the sample are aliquoted 
into new 1.5 mL microfuge tubes according to the number treatments and then placed in the 
incubator.  At the beginning of each treatment, a 200 µL aliquot tube was removed from the 
incubator and centrifuged so medium could be removed.  The cell pellets were resuspended in 15 
µl of ookinete medium (RPMI medium with 25 mM HEPES, 50 mg/L hypoxanthine, 2 g/L 
sodium bicarbonate) and test compound dissolved in DMSO.  Once parasites were resuspended 
in medium, they were incubated at room temperature for 15 minutes.  After incubation at room 
temperature, 20 µL were introduced onto a slide with a cover slip and placed on a horizontal 
surface to allow cells to homogeneously settle, forming a tight monolayer.  Exflagellation was 
observed at 40X magnification, and the number of exflagellation centers per field was recorded 
in 10 random fields. 
Earlier assay was conducted using a basic operating technique using a microscope slide and a 
cover slip. Variations from replicate to replicate due to inconsistent distribution of red blood 
cells under the cover slip produced results which were incapable of comparison. So, another 
technique using a hemocytometer was incorporated which has reduced the variations from 
replicate to replicate and PBS was used as the negative control and solvent. When the compound 
was added with PBS, activity was observed adequately for quantification and analysis. 
Exflagellation responses for the test compounds were compared against relative XA 
concentration response. 
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Xanthurenic acid (XA) pH experiment 
 
100 µM of XA in incomplete ookinete media (media type B) was added to mature stage V P. 
falciparum parasites (15 µL pellet) during the exflagellation experiments.  
KD Media = RPMI 1640 with L-glutamine + 25 mM HEPES + 50 mg/L hypoxanthine 
Xanthurenic acid (XA) in DMSO was added to each type of media for a final concentration of 
100 uM of XA. 
 
 
 
Media type  pH before 100 uM 
XA 
pH after 100 uM XA 
A 100% KD Media 6.68 6.73 
 
B 
Incomplete ookinete 
media: 
KD + NaHCO3 
(0.1875%)  
@ pH 8.0 (NaOH 1M) 
8.07 8.05 
C Complete media: 
KD + NaHCO3 + HS 
(10%) 
7.28 7.37 
D 100% Human Serum 8.18 8.27 
E 100% PBS 7.33 7.22 
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Appendix B 
NMR Spectra 
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4
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4
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.1
4
70
.1
4
70
.1
4
70
.1
4
70
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4
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4
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.1
4
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.1
4
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.1
4
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7.
07
12
7.
07
12
7.
07
12
7.
07
12
7.
07
12
7.
07
12
7.
07
12
7.
07
12
7.
07
12
7.
07
12
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07
12
7.
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12
7.
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12
7.
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7.
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7.
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7.
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7.
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7.
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7.
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7.
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12
7.
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12
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12
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12
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12
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90
12
7.
90
12
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12
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7.
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12
7.
90
12
7.
90
12
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90
12
7.
90
12
7.
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12
7.
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12
7.
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12
7.
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12
7.
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13
0.
47
13
0.
47
13
0.
47
13
0.
47
13
0.
47
13
0.
47
13
0.
47
13
0.
47
13
0.
47
13
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13
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13
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13
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13
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47
13
0.
47
13
0.
47
13
0.
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13
0.
47
13
0.
47
13
0.
47
13
0.
47
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
14
1.
69
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
16
0.
91
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
31
17
2.
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17
2.
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2.
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2.
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17
2.
31
17
2.
31
17
2.
31
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Chemical Shift (ppm)14 13 12 11 10 9 8 7 6 5 4 3 2 1
Ab
so
lu
te
 In
te
ns
ity
0
0.5
1.0
1.5
2.0
2.862.681.704.131.670.991.000.990.860.83
M15(m)
M02(s)
M14(m)
M03(s)
M10(t)
M08(m)
M06(m)
M04(m)
M12(m)
M05(m)
M13(m)
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
64
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
66
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
2.
67
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
12
4.
124
.1
4
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
14
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
15
4.
154.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
28
4.
284.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
29
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
4.
31
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
36
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
6.
42
 
 
Chemical Shift (ppm)220 200 180 160 140 120 100 80 60 40
A
bs
ol
ut
e 
In
te
ns
ity
0
0.5
1.0
1.5
2.0
M08(br s)
M01(s)
M02(s)
M12(m)
M10(s)
M11(s)
M14(s)
M09(m)
M13(m)
M07(s)
M15(m)
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
24
.7
5
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
25
.8
9
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.0
3
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
28
.2
8
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
36
.2
3
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
40
.3
6
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
59
.6
2
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
61
.4
4
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
16
9.
37
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Chemical Shift (ppm)9 8 7 6 5 4 3 2
A
bs
ol
ut
e 
In
te
ns
ity
0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
1.853.991.690.710.981.104.021.619.231.000.950.660.281.381.410.390.29
M01(br d)
M02(br d)
M10(m)
M08(m)
M05(m)
M13(m)
M03(br s) M07(m) M16(m)
M11(m)
M12(m)
M04(br s)
M15(m)
M17(m)
M09(m)
M06(br s)
M14(m)
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
46
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
54
6.
546.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
6.
56
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
61
7.
617.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
63
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
76
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
77
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
7.
99
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
8.
57
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57
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57
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57
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57
8.
57
8.
57
8.
57
8.
57
8.
57
 
Chemical Shift (ppm)220 200 180 160 140 120 100 80 60 40
A
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ut
e 
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te
ns
ity
0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
M15(m)
M13(m)
M08(m)
M14(br s)
M12(m)
M16(m)
M20(s)
M21(m)
M03(br s)
M18(s)
M05(s)
M22(m)
M19(br s)
M10(br s)
M04(s)
M23(m)
M11(m)
M02(br s)
M01(m)
M09(br s)
M17(s)
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.1
7
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
28
.4
3
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
35
.4
0
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
38
.9
4
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
55
.6
8
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
60
.2
2
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
61
.9
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
69
.8
4
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
5.
68
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
12
8.
96
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
1.
42
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
13
3.
32
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3.
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Chemical Shift (ppm)12 11 10 9 8 7 6 5 4 3
A
bs
ol
ut
e 
In
te
ns
ity
0
0.5
1.0
1.5
2.0
2.5
6.361.760.910.950.961.9413.002.240.871.000.800.750.691.001.081.621.781.271.130.940.71
M10(m)
M02(m)
M07(m)
M11(m)
M21(m)
M14(m)
M08(d)
M19(m)
M16(m)
M12(m)
M15(m)
M01(m)
M17(q)
M09(m)
M06(br d)
M03(br s)
M05(br s)
M04(br s)
M22(m)
M18(m)
M20(m)
M13(m)
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
14
3.
15
3.
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3.
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3.
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3.
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3.
15
3.
15
3.
15
3.
15
3.
15
3.
15
3.
15
3.
15
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15
3.
15
3.
15
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15
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15
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15
3.
15
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15
3.
15
3.
17
3.
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3.
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3.
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3.
17
3.
17
3.
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3.
17
3.
17
3.
17
3.
17
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17
3.
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17
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17
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17
3.
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3.
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3.
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3.
18
3.
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3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
3.
18
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
09
4.
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Appendix C 
The work presented in Chapter 2 has been published in the ACS Medicinal Chemistry Letters in 
2017. It is used as is for this dissertation with permission from ACS Med. Chem. Lett. 2017, 8, 
797-80.  Copyright 201, American Chemical Society.  
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